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Sumary Report

of

FIRE-SERVICE CAPABILITIES
FOR DAMAGE CONTROL A.I) RESCUE

The prospect of nuclear attack on urban areas prc..ents the fire services

with extremely serious problems - most of which are not encountered in con-

ventional peacetime operations. Examples include:

1. Demands can far exceed capabilities (particularly if the demands
are defined by peacetime standards)

2. Fire-service manpower, resources, and equipment would be degraded
by blast effects in many cases

3. Constraints on operational feasibility would be imposed by radio-
logical hazards and by debris, refugee traffic, and massfire effects
along routes of travel

4. Psychological factors could hamper fire-service performance

Because of the unpredictability of the distribution of direct nuclear-weapon

damage and the resultant residual hazards throughout urban areas, fire-service

responses must be preplanned for a range of operational situations. Plans for

emergency operations must be prepared for all major contingencies, ranging from

no direcx weapon effects (and no local demands) to the limit of operational

feasibility; and provision must be made for prompt, accurate assessment of threats,

demands, and degradation of capability so that effective and realistically chosen

responses will result without costly delay when attack occurs. Moreover, threat-

assessment guidelines must be consistent with both operational needs and limitations

in input information so that, if need be, an on-the-spot unit commander can make

a realistic choice of feasible and effective tactics without the aid of higher

echelon control. As a minimum, the nine basic operating situations of the OCD

Concept of Emergency Operations can be used as a basis for both contingency

planning and threat recognition.

* Working draft of material to be incorporated in the Federal Civil Defense Guide
(Ref. 1).
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The primary objective of the fire-service operations in a nuclear emergency

is the protection of the surviving population and critical life-support resources

from the threat of fire. The principal determinant of operational feasibility

and effectiveness is the controllability of threatening fires (those fires that

jeopardize population survival). Tactical plans must be formulated on the

realization that not all fires can, or even .eed to be, controlled, that fire-

fighting, per se, will frequently be no more than an adjunct to the primary

lifesaving activities of rescue and relocation, and that many time-honored concepts

and methods are inappropriate to nuclear emergencies.

Interim guidelines are available for aiding the development of fire-service

plans and procedures for nuclear emergencies. At the present time, fire research

is attempting to define the categories of fire threat in such a way that (1)

guidance in the recognition and forecasting of fire threats is provided, (2)

realisti.c modes of operation for the various fire-threat contingencies can be

prescribed, and (3) effective tactics can be chosen. Significant progress has

already been made toward these objectives. Some information is now available for

developing preliminary, but useful guidelines for designating fire controllability

and relating operational feasibility and effectiveness to it.

Another important eleme.,t in deter5tining fire-service capabilities is the

establishment of resource and m.npowe." requirements for various firefighTing and

lifesaving functions. Information derived from peacetime operations is available,

but for various reasons discussed in the report, it is of limited utility in

application to problems of nuclear emergency. However, the existing information

has been used together with some first-principle considerations to derive a set

of relationships for quantitatively evaluating fire-control and rescue activities.

Briefly summarized, the research reported accomplished the following:

1. Development of analytical met.hods and preliminary performance models.

2. Studies of specific cases to test the analytical methods and to
provide a preliminary evalua ion of some operational concepts.

The final report also treats the following subjects:
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1. Feasibility of various strategies and tactics for the range of

conditions following nuclear attack.

2. Guidelines for determining optimal tactical decisions when

information is limited.

3. Resource and manpower requirements for typical firefighting and

rescue operations.

4. Rationale for allocating services to demands.

5. Basic concepts of a formal method for evaluating fire-service

performance in postattack environments.

Most of these are interim or incomplete results. A follow-on study is recommended

for bringing this research to a conclusive stage and to apply its results to

some specific civil defense situations.

=Sm
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SUMLARY

The prospect of nuclear attack on urban areas presents the fire services with

extremely serious problems - most of which are not encountered in conventional

peacetime operations. Examples include:

1. Demands can far exceed capabilities (particularly if the demands
are defined by peacetime standards)

2. Fire-service manpower. resources. and equipment would be
degraded by blast effects in many cases

3. Constraints on operational feasibility would be imposed by

radiological hazards and by debris, refugee traffic, and mass-
fire effects along routes of travel

4. Psychological factors could hamper fire-service performance

Because of the unpredictability of the distribution of direct nuclear-weapon

damage and the resultant residual hazards throughout urban areas, fire-service

responses must be preplanned for a range of operational situations. Plans for

emergency operations must be prepared for all major contingencies, ranging from

no direct weapon effects (and no local demands) to the limit of operational feasibility;

and provision must be made for prompt, accurate assessment of threats, demands,

and degradation of capability so that effective and realistically chosen responses will

result without costly delay when attack occurs. Moreover, threat-assessment

guidelines must be consistent with both operational needs and limitations in input

information so that, if need be. an on-the-spot unit commander can make a realistic

choice of feasible and effective tactics without the aid of higher echelon control. As

a minimum, the nine basic operating situations of the OCD Concept of Emergency

vi I
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Operations can be used as a basis for both contingency planning and threat recognition.

The primary objective of the fire-service operations in a nuclear emergency

is the protection of the surviving population and critical life-support resources from

the threat of fire. The principal determinant of operational feasibility and effectiveness

is the controllability of threatening fires (those fires that jeopardize population survival).

Tactical plans must be formulated on the realization that not all fires can, or even

need to be, controlled, that firefighting, per se, will frequently be no more than an

adjunct to the primary lifesaving activities of rescue and relocation, and that many

time-honored concepts and methods are inappropriate to nuclear emergencies.

Interim guidelines are available for aiding the development of fire-service

plans and procedures for nuclear emergencies. At the present time, fire research is

attempting to define the categories of fire threat in such a way that (1) guidance in

the recognition and forecasting of fire threats is provided, (2) realistic modes of

operation for the various fire-threat contingencies can be prescribed, and (3) effective

tactics can be chosen. Significant progress has already been made toward these

objectives. Some information is now available for developing preliminary, but useful,

guidelines for designating fire controllability and relating operational feasibility and

effectiveness to it.

Another important element in determining fire-service capabilities is the

establishment of resource and manpower requirem Bnts for various firefighting and

lifesaving functions. Information derived from peacetime operations is available,

but for various reasons discussed in the report, it is of limited utility in application

to problems of nuclear emergency. However, the existing information has been used

together with some first-principle considerations to derive a set of relationships for

quantitatively evaluating fire-control and rescue activities.

*Working draft of material to be incorporated in the Federal Civil Defense Guide

(Ref. 1).
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Briefly summarized, the research reported accomplished the following:

1. Development of analytical methods and preliminary performance
models.

2. Studies o; specific cases to test the analytical methods and to

provide a preliminary evaluation of some operational concepts.

The final report also treats the following subjects:

1. Feasibility of various strategies and tactics for the range of
conditions following nuclear attack.

2. Guidelines for determining optimal tactical decisions when

i.,-ormation is limited.

2. Resource and manpower requirements for typical firefighting
and rescue operations.

4. Rationale for allocating services to demands.

5. Basic concepts of a formal method for evaluating fire-service
performance in postattack environments.

Most of these are interim or incomplete results. A follow-on study is recommended

for bringing this research to a conclusive stage and to apply its results to some

specific civil defense situations.

L
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Section 1

INTRODUCTION

Fire services, as currently constituted in the United States, arc not designed

to cope with a nuclear attack situation. This fact has, for some time, been recognized

by fire-service authorities and others and is a matter of great concern to them and to

those who niust plan civil defense actions. It is incumbent upon the latter group to

evaluate the capabilities of fire-service organizations as presently constituted, as

wel as the potential capabilities of realistic future modifications of the fire services

of the nation, to perform the tasks of damage control and rescue under conditions of

nuclear attack. thereby providing guidance to fire-service planning.

The environmer.tal conditions created by the nuclear attack generate the need

for damage-control and rcscue activities, but the en- ironment may be so hostile as

to prevent accomplishment of the tasks. The magnitudc of the demands, hazards,

and obstacles seem overwhelming, at first sight. Inde-d the point has been made

repeatedly, from largely intuitive considerations, that c.nventional fire services

would be totally overwhelmed by the urban fires resultin, '-om nuclear attack. And

yet our experiences with fire in WoriQ War II indJcate that many human lives can be

saved even in situations where the fires cannot be controlled. The Hamburg Fi:-e

Protection Service is credited with saving many thousands of lives from the historic

firestorm in that city- and this was accomplished without the benefit of planning

based on prior experience with fires of such magnitude. The lifesaving and property-

saving capability of urban fire services, both as they exist and serving as a nucleus

of a fire-defense and rescue system, should be evaluated in as quantitative a fashion

as the state of the art allows.

1-1
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BACKGROUND

SThis final report summarizes the first 2 year's effort of a continuing research

program. Initial work under the first year's contract was applied to an examination

of specific approaches to handling damage control and rescue problems, to

determination of fire-environment descriptions for specific weapon characteristics

Lnd building construction types, and to consideration of factors governing the

effective performance of various fire control and rescue activities.

Approximately 9 months after the start of the initial contract period, a

conference wich OCD and NRDL coordinators of the contract was held to review the

program. This review resulted in a reorientation of the general approach. The

change was initiated to ensure development of a generalized analytical scheme for

evaluating the probable effectiveness of a wide spectrum of conceivable fire-service

postures and strategies under the widely variable conditions following nuclear attack

situations.

OBJECTIVES

As stated in the second year's contract (No. N00228670694), the intent of the

research effort is to "continue and expand the research work previously undertaken

towards the objective of developing a general analytical method for the evaluation of

fire-service effectiveness in dealing with damage control vnd rescue requirements

following a nuclear attack."

The following long-term objectives are taken from the Scope of Work of the

second year's contrat t:

1. The development of an evaluation model for determining the capabilities

of fire services to perform damage control and rescue in the postattack
environment in relation to expenditures of effort and resources. The
model will be used to compare alternative fire-service organizations
and attack configurations and should be suitable for finding the optimal

(or preferred) systems for a variety of circumstances,

1-2
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2. An examination of key components within municipal organization
and urban planning that do, or culd, significantly affect fire-
service capabilities to perform damage control oi rescue work
after a nuclear attack. These factors represent some of the
controllable variables of the evaluation model. Since the primary
objective of the research effort is to develop an evaluation model,
probably only a superficial examination of this subject will be
possible within the limitations of time and funds.

SCOPE OF WORK REPORTED

The foregoing objectives are long-term goals of a research program which

was planned to reach an interim stage during the contract period just concluded.

Reasonable goals for the contract period were stated in the first quarterly progress

report (Ref. 2) and can be summarized as follows:

1. To develop analytical methods and preliminary performance
models for the evaluation of fire-service capability in the
immediate postattack environment.

2. To study specific, hypothetical cases of nuclear attack on
urban targets as a test of the utility of the analytical methods.

These goals have all been accomplished.

In developing the analytical methods, the scope of the study was limited to

fire serfices as they are presently constituted, that is, with current manpower

levels, equipped for peacetime demands, and without specially supplied resources

other than those which might reasonably be procured during a relatively sh(r +

period of international crisis. Within these limitations (i. e., essentially fixed-cost

restrictions), the variable factors to be studied are operational variables (those

relating to deployment, preattack planning, and postattack tactics) and threat

variables (those relating to damage and continuing hazards resulting from the attack).

The primary effort, was given to developing analytical methods for evaluating

the feasibility and effectiveness of candidate tactics for a set of threat contingencies.

1-3
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The analytical methods were tested through a series of hand-calculation exercises

for a selected area of an example city. The intention was to provide (1) a preliminary

evaluation of some logically important variations in operational variables for two

significantly different sets of threat variables and (2) a test for unmanageable or

deficient elements of the analytical methods.

1-4
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Section 2

PROBLEM DESCRIPTION AND RESEARCH APPROACH

The capability of a fire-service organization to perfo :m damage control and

rescue tasks in the immediate postattack emergency period depends primarily on

(1) the nature and location of the demands (which are principally the protection of

the surviving popalation), (2) the amount and location of surviving fire-service

resources, and (3) the impediments to fire-service response and activity imposed

by the effects of the attack. To accomplish an analysis of this capability for any

given situation s-quires a rather detailed description of the immediate postattack

urban environment and an extensive evaluation of the possible lifesaving and property-

saving accomplishments of each surviving element of the fire-service organization as

it might engage in any of a number of alternative operational activities. The

description of the emergency-period environment requires an analysis both of the

direct damage and of fire and fallout threats as they develop with time. From this

an estimate of damage to water supplies and debris levels along routes of travel can

be derived as well as the damage to equipment and incapacitation of personnel for

every preattack deployment strategy under consideration. It is necessary to identify

possible roles of the surviving elements of the fire service, that is, their operational

objectives and all feasible tactics they might employ to achieve their objectives for

each applicable case of a wide range of environmental conditions. Finally, the

effectiveness of each tactic must be evaluated and comparea with its alternatives

for the range of conditions and a similarly broad range of demands.

Such a single-case analysis is an impressive undertaking, and its results,

while they may be indicative of general capability, can only be relied upon for the

specific case studied. For the amount of wcrk involved, it is desirable to obtain

results of gen6ral applicability. The research reported here is directed toward the

2-1
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development of generally applicable procedures for evaluating fire-service

performance. Considering the ma'.v variables and their wide ranges of possible

values, some simplifications must be sought.

Research Approach

The approach taken in this study was to attempt to identify the role of the fire

services in nuclear-attack-emergency operations for a relatively small number of

operationally distinct situations. This was done by first reviewing peacetime

practices and wartime experiences of fire services and then relating these to the

conditions and demands of nuclear attack on urban centers. Examples of operationally

distinct situations were derived from the current OCD Concept of Emergency

Operations (Ref. 1). The results of research in nuclear weapon effects, particularly

fire initiation and spread, were explored in search of unambiguous definitions of

fire controllability and other constraints on operational feasibility, from which a set

of operational objectives of the fire services, the corresponding tactical alternatives,

and their component activities can be ascertained.

This, the problem-definition part of the research, is presented in Sections 3

and 4 of this report. Section 3 reviews fire-service operation in non-nuclear

emergencies. Section 4 discusses the special environmental constraints imposed by

nuclc ir attack that limit operational feasibility and develops concepts of fire-service

operation in nuclear emergencies.

Once the problem was defined in manageable terms, attention was directed to

the concepts and mechanics of analyzing fire-service performance. Analytical

expressions for quantitatively evaluating the effort and resource requirements for

accomplishing tactical missions of fire control, rescue, and relocation were derived

either from first principles or from empirical data wherever available in suitable

form.

2-2
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Finally, two specific cases of a selected section of an urban area after

hypothetical nuclear attack were studied to discover deficiencies in the analytical

methods and to test the validity of assumntions regarding fire controllability. The

development of the methods for analyzing fire-service performance are discussed

in Sections 5 and 6. The results of the research to date and their applicability to

both research and operational planning are discussed in Section 7 along with

recommendations for follow-on research designed to fully explc,!t the results reported

here.

2-3
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Section 3

REVIEW OF FIRE-SERVICE OPERATIONS D; NON-NUCLEAR EMERGENCIES

In this section the conventional modes of operation of the fire services in

peacetime and the special problems encountered by the fire services in the large-

scale urban fires of World War II will be explored in search of guidance to concepts

of operation in nuclear emergencies.

PEACETIME OPERATIONS

Metropolitan fire departments in the United States are organized, trained,

and equipped to combat fires for the purpose of protecting life and property threatened

by fire. The cardinal rule, traditionally, has been to save lives first and property

second. The annual statistics (Ref. 3) show that in peacetime fires having large

losses in life (excluding cases of deaths resulting from smoking in bed, for example),

by far the largest loss of life results from people being trapped in burning buildings.

This threat to human life has been countered by the fire services through the

development and application of specialized rescue devices and techniques. Because

of this, the fire services are called upon to plcrform rescue functions even when fire

is not involved; and an extention of this role into wartime situations is generally

assume~j. This assumption would be a good one for most cases since the fire services

would be performing their primary function of saving lives. Under cert.n conditions,

however, it would be desirable to have other forces available to perform rescue

functions in non-fire situations, releasing the fire services for duty in fire areas.

Other conditions may indicate that a greater saving of lives could be achieved by

utilizing the fire services in fire-involved areas only.

Statistics (Ref. 3) also show that total loss in life during peacetime is small

in relation to the number of buildings involved in fire: atd, generally speaking, the

3-1
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principal effort of the metropolitan fire department is given to reducing property

losses due to fire. Moreover. it is a rare circumstance when a metropolitan fire

department has to deal w'th a fire that involves more than a few buildings at a time.

Because of the typically low level of demand, fire services are usually not designed

to handle large-area fires without outside help. This is the basis for the mutual-aid

agreements between neighboring communities.

The primary function of a metrou ..ctan fire department in a typical peacetime

operation is usually described as "firefighting, "which can be divided into the

component functions "fire extinguishment" and "control of fire spread." However,

these functions are much too broad in scope for their performance to be evalrated.

A somewhat more detailed description in terms of separate tasks a.nd how th(y change

with time can be derived from the chronology of a fire of nonexplosive origin that

does not involve liquid fuels to any appreciable extent. The steps in the development

of such a fire can be related in a simplified and idealized fashion as follows:

1. The heat and/or flame from a small source, e.g., a match,
cigarette, faulty wiring, overheated equipment, etc., ignites
a fine tinder fuel such as paper, cardboard, or cloth.

2. The secondary source ignites a larger object, such as draperies
or a piece of furniture. having greater fuel capacity.

3. This object ignites other furnishings and the temperature in the
room builds up until "flashover" occurs, resulting in involvement
of walls, floors, ceiling, baseboard, trim, doors, etc.

4. As parts of the structure burn through, adjoining compartments
are ignited.

5. The fire spreads through the structure by successive breaching of
walls, floors, ceilings, or by progressing up through floor
openings, stairwells, etc.

6. By one means or another, adjoining structures may be ignited and,
as they burn, they in turn may ignite other buildings.

3-2
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7. Shortly after complete involvement of the initial building, the roof,
floors, and perhaps walls collapse due to %%eakening a id consumption
of the structural members.

8. As the fuel in the initial structure is consumed, the fire decreases
in intensity until the remaining fuel is largely in the form of glowing
embers mixed with rubble.

The functions of the fire department fighting such a fire as that above change

as the fire progresses from stage to stage. particulariy if these functions have been

unsuccessful at any stage:

1. If the fire has not progressed to flashover, the function is to
extinguish Lhe initial, incipient fire.

2. If flashover has occurred but the fire is confined to one or two

compartments (or even to one or two floors) the basic functions
are to:

a. Extinguish the fire in the compartments.

b. Prevent sp:ead to other spaces.

3. If the building is largely involved, the primary function is to
prevent spread to other buildings.

Implicit in the description of this breakdown is the belief (which is borne out

by experience) that once several partitions have been breached by fire, extinguishment

of the compartment fires is replaced by prevention of spread to o'her compartments.

It appears that if several spaces are involved, firefighting activities concentrate on

preventing further internal spread, until most of the fuel in the burning area has been

consumed, and then on extinguishing the much less actively burning embers.

WARTIME EXPERIENCES

The large-scale air attacks of World War II, and the massive urban fires that

they caused, presented the fire s .vices with problems that were unanticipated and
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created demands for their services that far exceeded their surviving capabilities.

Although there are obvi-us differences between conventional and nuclear attacks on

cities, the resulting fires are not unalike. at least qualitatively, and the experiences

of the fire services with the large-scale fires of the war should offer some guidance

in formulating concepts of operation for possible future nuclear attacks on cities of

the United States. An excellent and comprehensive review of fire-ser-rice experiences

and modes of operation in Germany during the war years has been prepared by

Dr. Hans Brunswig, who was directly involved in the Hamburg fire defenses during

the war. Much of the material in the following discussion is extracted from a recent

English translation of that review (Ref. 4).

It appears that the essential differences between peacetime fires and those

caused by conventional bombing are the high spatial and temporal concentrations (and

large numbers) of fires and the large numbers of people who are unable (because of

blast damage) or unwilling (because of fear of the external environment) to escape the

danger- of the developing fire. As a result of the large numbers of fires, the fire

services are unable to suppress or control all of the fires (or even a small fraction of

them), and in order to accomplish as much as possible of their primary, lifesaving

objective, they are forced to concentrate on rescue and relocation. In spite of the

best efforts of the German and Japanese fire services during World War II, the death

toll was staggering.

An indication of the size of the problem can be seen in the casualty figures.

In the Hamburg fire storm, roughly 40,000 people died from direct or indirect effects

of fire (Ref. 5), although the fire service is credited with saving from 3000 to 5000

through its rescue and evacuation efforft (and some 200, 000 apparently survived

without help). Another indication of the hazard to life in the large fires of World War II

can be inferred from the ratio of deaths by fire to building losses due to fire. In

peacetime, this ratio is in the order of magnitude of 1:100. In the major fires of the

war, the ratio was typically in the range of 1:3 to 1:7, while in the fires that have been
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described as fire storms (including the atomic bombing of Hiroshima) it approached

1:1 (Ref. 3).

During World War f1. fir-e-service tactics cianged as the war progressed.

Although the first consideration was al--avs gPen to saving lives, just as it always

has been in peacetime. less effort. -,-as Wiven to fighting fires that jeopardized the

population nnd more to implementing rescue and escape from the t&-eat. Within the

German de1ens. organization there uere serv.ces. separated administratively from

the fire service, that were charged with the resportsibility of rescuing and untrapping

people: but because most oi the necessary equipment -particularly the ladders, hooks,

and nets required for extricating people who were trapped in the upper stories of ta.l

buildings -was part of the regular equipment of the fire services, who were often on

the spot even before the air raid ended. the fire brigades iccomplished a major part

of the rescue work, even when fires were not involved.

As the air attacks grew in intensity and the fires grew in size. the tire services

gradually abandoned firefighting as a general tactic: that is to say. its application

became an adjunct to lifesaving activities. such as rescue and evacuation. In the areas

f that suffered mass fires and fire storms. all fire-service forces were deployed for

aiding evacuation. In the Hamburg fire storm. water streams from the fire hoses

were applied to escape routes to provide the protection of a "water street.- Subsequent

to that catastrophe. the main objective of the fire services in the large cities became

the provision of "water streets" for the evacuation of mass-fire areas. It is estimated

that during the period of heavy air attacks on Germany roughly 18, 000 people, in

Hamburg alone, were led to safety by the Fire Protection Service while protected by

such devices as water curtains and water-soaked blankets. Athough the concept was

successfully applied in improvised ways in many isolated instances, a formal plan

was apparently never put into practice successfully.

A major factor in the saving of lives from fircs in the period following the

Hamburg fire storm of JuJy 1943 Nwas the realization that mass fires cannot be
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controlled and the implementation of prompt evacuation of areas threatened by

uncontrollable fires. The fire hazard to shelter occupants was never considered in

depth in improvising or constructing the air raid shelters in Germany. Prior to the

experiences with mass fires, it had been assumed that fire-threatened shelters could

be evacuated without great difficulty in the rare instances when it would be necessary.

Duri g the Hamburg fire storm, thousands of people were driven out of shelter and

into the streets. Immediately after the fire storm, the President of the Hamburg

Police Department distributed a pamphlet to the residents of the city giving instructions

on when and how to evacuate shelters threatened by fire. We have reproduced it

below. ** Its pertinence to nuclear attack situations is worth noting.

When is it necessary to leave the air raid [ fallout ] shelter under

conditions of fire?

The Mr-Raid Protection Warden [ shelter manager I must keep himself
informed at all times of the progress of fires in the proximity of his
house [ shelter building). He must do this by sporadically emerging
from the shelter for personal observations. If a situation occurs
wherein it is impossible to save the house [shelter building], and if
it is determined that row and area fires are raging in the vicinity, the
shelter area must be evacuated immediately. The danger of pershing
in the shelter in such situations is usually so great that even though the

only escape route may lead through burning streets, it must be taken.
The area protection service community [ local civil defense organization]
must lay out advance plans that delineate possible escape routes and
approximate facilities fo- protection (such as open spaces, parks, etc. ).

The escape route actually .sed will obviously be decided in the face of
relevant dangers, and at the last moment. During the escape water-
saturated blankets and other materials, if placed before mouth and
nose and around the body, will afford adequate protection. In order to
prevent the singeing of female hair, it is desirable to wrap damp
kerchiefs around their heads.

*In conducting the National Fallout Shelter Survey, which provides the greater part

of the shelters currently available to the civilian population of the United States, little

in-depth consideration was given to fire vulnerability either. A significant part of
the OCD-sponsored fire research is now directed toward remedying this weakness,
however.

**Terms corresponding more closely to present-day usage have been inserted in brackets.
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Shortly thereafter, sections of the city that were considered to be particularly

vulnerable to fire \\ere so designated and were surveyed for suitable fire-safe refuges

and promising routes of escape. The escape routes were marked with white arrows,

and the entrances of buildings were posted with notices which read: "The following

assembly areas have been assigmed to the occupants of this house in the event of a

fire storm. " According to Brunswig, "In cities, whose occupants had previously

experienced area fires, no subsequent casualties could be attributed to belated

shelter evacuation."
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Section 4

OPERATIONS D NUCLEAR EMERGENCIES

SPECIAL PROBLEMS ASSOCIATED WITH NUCLEAR ATTACK

There are three weapon effects that produce significant initial damage of

importance to fire-service operations: thermal radiation, air blast, and prompt

nuclear radiation. Damage produced, generally, is less at greater distances from

ground zero. Close to the point of detonation, intensities are very high, and all forms

of damage are expected. However. casualties produced by prompt nuclear radiation

from megaton-yield weapons would seldom occur at ranges where survival of blast

effects would be expected. * Therefore, xe can limit our principal concern to blast

and thermal effects.

Some areas beyond the range of initial ignition effects may be susceptible to

the spread of fire from other areas, and even though side effects such as blast or

fallout may be absent, the capabilities of the firefighting organization could still be

overwhelmed. Another possible case of concern is in those locations in which the

only weapon phenomenon present is fallout radiation of a level high enough to force

all persons into fallout shelters. Although in this case, fires may not be present

initially, fires of other origins, e.g., from spontaneous combustion, electrical short

circuits, or overheating, and vermin activity, lightning, etc., will undoubtedly occur

over a period of time. Such a possibility raises two problems: reporting and control.

Since people, the normal source of information as to the presence of fire, are not

necessarily present, new concepts of d-tecting and reporting fires may be required.

And since the environment presents a radiological hazard, new techniques and

concepts which permit fire control without undue risk to personnel may be required.

*This generalization applies to a population in structbres of types normally

encountered. It might not be true for a shelter that is blast resistant.
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In the range of distances from group-' ero, between near-total destruction

and inconsequential damage, lie the demands for fire-service action and a broad

spectrum of environmental constraints on fire-service response. The following are

examples of the special problems associated with nuclear attack:

1. Demands that far exceed the capabilities of the fire services, both
in numbers of fires and numbers of people threatened by fire and
other hazards.

2. Losses in personnel, equipment, essential resources such as

water for firefighting, mobility, visibility*, and the means of
assessing the threat and communicating information relating to
it.

3. Constraints imposed by blast damage and radiological hazards.

4. Psychological factors such as emotional shock, disorientation,
and panic.

Both thermal and blast effects generally occur in the same areas. Typically,

the urban target would sustain two wide bands of combined blast- thermal damage:

(1) moderate-to-heavy structural damage by air blast, high initial incidence of fires,

and significant fractions of the survivors in trapped and injured states, and (2) light-

to-insignificant structural damage by blast, scattered fires, and few casualties. The

dividing line between the two would typically be determined by neak overpressures in

the 3-1/2- to 5-psi range (Ref. 6). At distances beyond about dhe 1- to 2-psi range,

there would be little significant damage and few initial fires or casualties.

As a first rough approximation, then, we can say that virtually all of the

demands for fire servic es will lie between the 1- and 20-psi contours. Howeve-, the

large number of fires and large amounts of debris in streets impeding mobility coupled j
with the probable loss of water pressure would typically limit successful control of

fires to areas well outside of the 5-psi overpressure range.

• Dust raised by blast effects could seriously limit damage appraisal by visual

observation for a period of a half an hour or more (Ref. 4).
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• Because the weapon effects are so widesp-ead, the surviving fire services

within directly affected are z would ordinarily have to try to cope with local demands

without outside help. If they were unable to control the fires and/or provide

protection from other hazards, they would then have to initiate and implement

alternative actions to extricate survivors from the threat, such as remedial movement

of shelterees or complete evacuation of the area; but the distances involved and the

hazards imposed by the environment would in many situations make the latter alternative

very unrewarding, if not futile.

It can be seen that there is a very real need for preplanned strategies to give

the fire services the maximum possible advantage through quick evaluation of the

situation and realistic and prompt rf,,ponse.

Constraints on Operational Feasibility

The point has been made that some traditional fire-service operations are

infeasible under some circumstances following massive incendiary attack and that

effective accomplishment of lifesaving objectives is critically dependent upon early

recognition of these circumstances by those in command and a prompt commitment

of forces to the remaining alternatives. Therefore, a knowledge of the limits of

operational feasibility is a basic prerequisite to preattack contingency planning as

well as an essential element of command decision-making following attack. For our

present purposes, however, an understanding of the factors which limit the feasibility

of various operations is required to allow us to assess the suitability of alternative

tactics for different operational situations.

Feasibility of various lifesaving and life-support operations is constrained by

combinations of weapon-effect loadirg, i. e., blast, fire, and fallout radiation. For

a large part of the expected modes of weapon delivery and concitions of burst, there

is a rough correspondence between blast loading and fire loading, and for many

planning purposes the fire threat can be crudely predicted from air-blast overpressures.

,t-3
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It should be kept in mind, however, that this is riot the case for all credible attack

situations. In fact there are substantial differences to be expected in fire threat for

a given blast load between surface bursts and low air bursts. Moreover, differences

in the characteristics of urban targets significantly affect both blast and fire responses.

For situations where onc or more of the three weapon-effect loadings are very

high, all emergency operations become infeasible. At lower loadings some operations

are feasible while others cannot be effectively carried out or must give way to more

effc~tive actions. A distinction must be made between lifesaving and life-support

activities, partly to indicate that a higher priority is given to the former, ut also to

indicate that many life-support activities, such as firefighting to save property, are

often infeasible under conditions where lifesaving activities can still be accomplished

effectively.

Some of the feasibility limits are not uniquely determined by weapon effects.

The inherent capability and surviving strength of the fire services can also affect the

limits of operational feasibility. However, for the present we will make the

simplifying assumption that, for practical purposes. limits can be established on the

basis of weapon effects alone.

Our purpose in the following discussion is to present the background information

on weapon effects that will 3erve to delineate operational feasibility as well as to guide

the formulation of preattack plans and both the recognition and prediction of operational

constraints following attack.

Blast Effects as a Constraint on Feasibility

Blast effects provide one limit to the feasibility of fire-service operations. In

the extreme, where overpressures arc vc.-, high (20 psi and over), collapse of most

structures and high population mortality is the expected result. In areas suffering

these and somewhat lower overpressures (Lie 5- to 10-psi range), many traditional

fire-service operations would be either impossible or ineffectual because of (1) the
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loss oi -..ater .or ;n -ighting. (2) impass.ibe debris levels in the streets, and

ro;3i the relativc.y ;o, survivailit" of the victims ce birne,! with the large manpover

requirement for the untrapping of sur-vivors fron. collapsed structures. In areas

experiencing much lo-.;er overpressures iless than .psip, essentially no demands

vould exist initia!ly.

Methods have been developed at UPS and eisew ere for the prediction of

st-uctural damage (Ref. 7), debris levels (Ref. ;), and damage to equipment and

utilities (Ref. f9). Feasibility constraints from blast effects a!one can be estimated by

the application of these methods. Blast-casualty curves have been develceped by SPI

(Ref. 10) based on casual:- functions developed by Dike'-Aod Corporation (Ref. 11).

Examples of these will be presented along with the discussion of performance relation-

ships in .he next section.

Fallout as a Constraint on Feasibilitv

The radiological hazard produced by fallout can be significant anywhe_,re within

the zone of direct damage as well as far beyond its limits. However, in the current

Concept of Emergency Operations (Ref. 1) it is considered to be a constraint on

,.ssential fire-service operations only in the virtual absence of the more certain

threats to suivival such as those from fire. Accordingly, the doctrine for fire-service

action is to respond to the lifesaving demands in spite of the radiological environment.

Gry in cases whcre (1) there is no immediate local threat to survival that the fire

services can alleviate, and (2) other demands are so remote as to preclude effective

response should the fire services cease operations and remoin in shelter. A third

contingency, i.e.. when the fallout level is high (dose rate, over 50 R/hr), might

inhibit firefighting, but Ref. 1 envisages the possibility of continued firefighting

operations even at the cost of firefighters.
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Fire as a Constairt on Feasibility

When everv-..ing is considered. it appez rs that, in those direct-damage areas

in whicn % significant fraction of the population can be expected to survive the initial

impact of nuclear attack. the main determ,-iant of the feasibility of fire-service

operations is the "controllability" of the fire situatior. Factors relevant to the

assessment of fire controllabilitv are discussed in the following paragraphs.

Overall Urban Fire Threat

Simultaneously with the appearance of the fireball, fires are ignited to

distances of many miles from the burst point. Most of these fires are quite small

and many of them "go out" without developing into a fire of destructive magnitude,

but the persistent ones soon grow into building 'ires. The passage of the blast wave

changes the fire picture by extinguishing some of the incipient fires, damaging

structures and rearranging fuels to either enhance or inhibit the growth of destructive

fires, and by generating secondary fires. The extent of blast interaction depends on

many factors, but in a large proportion of the credible cases, fires will extend to

the limit of significant blast damage and beyond.

Within about half an hour following the detonation, destructive fires will be

well developed within many of the structures left standing. Areas of high building

density suffering a high initial fire incidence (such as one in two) have the potential

of becoming fire-storm areas, possibly within the first half hour after attack. In

areas of high fire-spread potential, mass fires may develop within the first hour or

two and spread uncontrollably for many hours, possibly days, even though the initial

fire incidence was light. In areas of low fire-spread potential, fires will typical'v

spread slowly and be limited to within the block of origin or several blocks from that

point and kill burn themselves out in a few hours except under windy conditions,

when they may spread for long distances in the downwind direction.
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A example drawn from interim results of Work Unit 2538C (Ref. 12) will

serve to illustrate the nature of the threat. * Figure 1 depicts the initial fire

distribution in a residential urban area following a megaton-yield air burst. The

example given is for a hy-pothetical area made up of blocks containing 20 structures

each. It is of interest to note:

1. The shallow nature of the fire-density gradient (expressed as the
fraction of buildings burning).

2. TLa nearly every block has one or more fires out as far as the
distance at which only about 10 to 20 percent of the structures are
burning (suggests importance of short-range spread in fire
developmpnt in this area).

3. That very few blocks have a fire about a mile or two farther out
(suggests importance of long-range spread in fire development in
this area).

Figures 2 and 3 show how fire spreads within a block by short-range spread.

Figure 2 is an example of a single row (representing an idealized case for residential

areas) containing 12 buildings. Only about twice the number initially ignited are

burning actively at any one time -- shortly after the first spread generation. Figure 3

is an exampie of a cluster of 12 buildings (representative of highly built-up areas).

In this case a large fraction of the buildings are actively burning at one time. This

is the situation that could generate a firestorm. Note that only 20 percent of the

buildings were initially ignited. We might conclude that in heavily built-up areas the

uncontrollable fire situation could extend to the 20 percent fire initiation distance or

beyond (typically something like the 2 to 3 psi line for an air burst).

But what about the areas farther out? Figure 4 shows the development of a

fire front in the area of less than 10 percent initial fires. ** This front has the

* Methods of fire-threat analysis are given in detail in the final report of Work Unit

2538C (Ref. 12), which is currently in preparation.
*The checker-board patterns in the figure illustrate for locations on either side of

the front the density of blocks having one or more fires.
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potential of moving into areas of few initial fires and becoming a conflagration if the

long-range spread potential is large. Figure 5 shows the expected average spread

distance (in blocks)of such a fire front for different long-range spread probabilities.

The potential threat is quite small until the probabilities approach about 0. 4, but for

larger values spread becomes indefinitely large. Therefore, in areas having a high

potential for long-range spread, an uncontrollable fire may eventually range far beyond

the areas of high initial fire incidence.

Interim guidance for evaluation of the fire-threat by long-range spread can be

gotten from a rough discrimination of areas of high and low fire-spread potential such

as is provided by the Conflagration Potential Methods developed by Gage-Babcock

(Ref. 13); but methods such as those alluded to above, when they are fully developed,

will offer a more complete and reliable approach. At that point, we will be in a

position to decide which fire breaks are promising for making a stand against a

moving fire front.

The Fire Threat to Fallout Shelters

One of the current plans for fire-service deployment in a nuclear emergency

is keyed to the system of shelters designated by the National Fallout Shelter Survey,

with fire-service units assigned to preattack locations at shelter buildings for the

purpose of (1) taking advantage of the shelter afforded, (2) being in direct contact

with elements of the civil defense structure, and (3) protecting the fallout structure

and its occupants from fire. This is the San Jose, California, system, not necessarily

widely adopted nationally. In an area suffering the direct effects of a nuclear attack,

the natural immediate-post-detonation response of the surviving forces would be to

search for fires within the assigned shelter building and to extinguish them promptly

before they become a significant threat to the security of the survivors in the shelter.

If they should be unable to successfully suppress the fire so that it becomes a clear

threat to the survival of the shelter occupants, or if after successfully combating the
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fire in the shelter structure an appraisal of the local (or even remote) fire situation

indicates that the shelter will eventually succumb to fire despite their best efforts,

remedial relocation or evacuation should be promptly ordered. The fire-service

force would then turn its attention to aiding in the evacuation or to the needs of a

nearby shelter or other Poncentration of threatened survivors in a way consistent

with the greatest demand and the best prospects for saving the greatest number of

lives. Two examples of situations of this sort have been studied during the course

of this research. The results of these case studies are presented in Appendix A of

this report.

A vital factor determining the success of fire-service response to the fire

threat to shelters is the prompt and accurate appraisal of the threat. Many factors

are involved, including the characteristics of the shelter building itself, the

characteristics and proximity of neighboring structures, the characteristics of

surrounding urban areas, the numbers and locations of initial fires, and weather

conditions, especially the speed and direction of the wind near the ground. As much

as possible the fire vulnerability of shelters should be ascertained in advance and

routes to fire-safe shelter should be worked out and displayed clearly within the

shelter.

The fire vulnerability of a shelter building should be considered for several

different situations:

1. Direct initiation of a fire in the structure

2. Direct initiation of a fire within the same block (or other concentrated

group of buildings) as the shelter structure

3. Long-range spread of fire to the vicinity of a shelter building not

threatened by immediate fire effects

Some structures. because of their construction and/or large separation distances

from adjacent structures, are vulnerable to fire effects in situation 1 only. These are

• t-!,
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the structures for which thermal countermeasures woul- have the biggest payoffs,

i.e., they can be hardened thermally with modest investments of cost and effort to

provide safe haven from both immediate and long-term incendiary threats. The

preattack determination of a structure's fire susceptibility can be made by a fire

protection engineer having kmowledge of nuclear -postattack environmental conditions

(Ref. 14).

For all other structures it is important to consider the vulnerability for all

three situations mentioied above. It viii be noted that situations 1, 2, and 3 have the

sense of decreasing immediacy of hazards. That is, fire initiated within the shelter

building has the potential of either claiming lives or forcing evacuation of the shelter

within minutes after the attack, whereas the spread of fire from witl,:r the block

could take any where from about a half hour to several hours. and the spread of fire

from more remote areas, hours to days. The implication of these differences in

time for remedial movement is obvious.

The prediction of fire threat to shelter buildings for the conditions resulting

from a specified nuclear attack is basically the same as that given earlier for the

overall urban fire threat, except that a more specific approach can and s,u' ,:4

used which takes into account the detailed characteristics of the c tructure and its

neighborhood rather than one which uses "class-average" characteristics of an

entire urban area,

CONCEPTS OF OPERATION IN NUCLEAR EMERGENCIES

Recognizing that the overall demands for emergency services far exceed the

capabilities of existing forces and resources (even without being degraded by attack),

planners of emergency operations have sought ways of optimizing performance. A

basic question for many years has been - is it better to disperse the emergency

operating forces well beyond the outskirts of a city to minimize their losses, or risk

loss to gain time by deploying the forces to areas where initial demands are exp3cted
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to be high? These two contrasting ideas are embodied in the so-called "outside-in"

and "inside-out" concepts of preattack deployment. In the early postwar years when

strategic nuclear weapons were still measured in kilotons, the former concept was

particularly attractive because of the limited range of weapcn effects. This concept

has lost favor to the "inside-out" concept as weapon yields have incc.. d; however,

neither can be said to be clearly Pstablished as a preferred posture for fire serviceR

by studies to date.

In favor of the "outside-in" concept we have such faitors as minimal

degradation of force and mobility which would provide for full, coordinated activity

at peripheral points (in the 1- to 3-psi overpressure range), where fires may be

most susceptible of control. It would minimize the commitment of forces to untenable

situations, reduce the chances of fire spread into initially undamaged areas, and aid

the evacuation of ambulatory survivors of the more heavily damaged areas. Against

the concept we have factors such as virtual abandonment of the initially surviving

population and resources of the more heavily damaged areas or even of the political

entity itself.

In favor of the "inside-out" concept are such factors as quick response to

points of maximum demand and the very real possibilities of maintaining "islands of

resistance" in the midst of otherwise untenable situations, from which successful

evacuation is doubtful. The effectiveness of fire-control actions in areas of initial

fire will be strongly dependent upon how rapidly the action is initiated. It is fair to

say that the local battle may be won or lost within the first 20 minutes after the

detonation. Fire services committed to protect survivors and resources in areas

of high initial fire incidence must be prepared (through preplanning and training) to

make a rapid (almost automatic) assessment of the threat and to respond appropriately

without delay. The fire situation can change rapidly wvith time necessitating continual

reappraisal and the ability to recognize the need for a change in tactics at the earliest

possible time. The successful evacuation of an untenable Pituation will oftep depend
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entirely on prom.n:v rva.izing t=ht the threat exceeds t .he con., ca.mabili ties ind

turning attention to effec-ting the: ,-vac-uaz-on -,hie -here is std ;ii--.

The main disavh-anage of the '"inside-ota- concep is that it maxmizes the

J chances of degradation oi the ai-.a,-- lirnitc f;.re-service capability. Loss of trained

personnel by injw-r". tram.ing. or death is serious enough in itsz-!f, but fire-service

units located i,, areas expose' to moderately 'Mgh bLax,& ve-pressures would suffer

not only personnel casualties but losses in equiprment. mobility, and a-ailable water

as well, degrading their capabilities to little more than that of self-help brigades.

With reasonable ,%-arning time. preattack oper tionxs can and should be

performed according- to a previousli established plan. A number of preattack actions
could be taken which v.ould reduce the fire dan-:e resuIti zg from attack. These

include implementing therm.al radiation counter:- aas-,re procedures, securing

hazardous utilities, distributing self-help extinguishers. building and filling emergency

reservoirs of water, etc. With attack imminent, all fire-service personnel, off duty

as well as on, would report to duty stations. The prev-ious discussion of the general

concepts of emergency operations suggest that there are two rather different preattack

deployrents that appear to have merit: (1) fire-service units occupying locations

close to (or ir major fallout-shelter buildings and buildings housing vital resources

and (2) fire-service units disper-z2 a-,,tside of the heavily builtup central area of the

urban complex' (Ref. 15). The first, which is compatible w ith "inside-out" concept

of operations, woutld correspond to the general strategy of risking a heavy loss in

personnel, equipment. and mobility to be in position to service the critical demands

immediately. The second posture, which is of the "outside-in" sort. corresponds to

the strategy of retaining a high level of undegraded force and mobility to move quickly

to the sectors of greatest demand. This posture is perhaps more compatible with

the "movement-to-shelter" population posture or the warned -resident-popvlatiln

posture than with the current NFSS plan. but its advantages in any case are attractive.

Dispersal could be along major thoroughfares or tn multip,,rpose staging areas as

described in URS 672-!0.
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In actua, oractict-- the deployment is not an either/or matter. That is, there

is ample room for other ptions. involving a blend of the approaches just discussed,

or others that reflect the impact of various forms of pre-attack preparedness for the

reduction of vulnerability. For example, use of thermal screening smoke shifts the

location of the 20' ignition area.

The use of therm.3l countermeasures would generally have the effect of reducing

the range ov,.r which initial ignitions would occur and reducing the number of ignitions

at any one range. The extent of this reduction would depend on the extent and

effectiveness of the countermeasures employed. For the "inside-out" cencept of

operations. the disadvantage if maximized degradation would still be present since

damage occurs chiefly by blast. Those remaining forces, however, face a much less

formidable demand situation. Areas which, without countermeasures, would be

untenable may no,,. be saved from fire, especially by fire forces which can initiate

actions rapidly by being at hand.

For the "outside-in" concept, the disadvantage of abandoning the area would

still be present. The minimal~y degradea forces would still be very useful where fires

may be most susceptible of control, especially since there would be a smaller number

of such fires. A new disadvantage would be the need to travel further to reach such

fires (due to Lhe reduced range of ignitiors) with the complications of debr;s, since

these fires are no-% closer to ground zero.

Whatever deployment strategy is used, the responses of the fire services

after the attack will be determined in varying degrees by conditions resulting from

the attack which are largely unpredictable and over which the fire services have no

preattack control. For example it cannot be for-seen with any certainty where the

detonation will occur. how large the explosive yield will be. and %hcther there wi;, be

more than one detonation close enough to the metr3politan area to inflict significant

damage and hazards on it. Thus some of the fire-service unit- may find themselves
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in areas of direct effects and high local demand while others may not, irrespective of

the deployment strategy.

Becaus of the uncertain nature of the distribution of dariage and residual

hazards throughout urban areas. fire-service plans for emergency operations must

be prepared for all major contingencies. ranging from no effects at all to the limit of

operational feasibility. and provision must be made for prompt, accurate assessment

of threats, demands. and degradation of capability so that effective and realistically

chosen responses will result without costly delay when attack occurs.

The current -.oncept of Emergency Operations (Ref. i) prescribes nine basic

operating situations derived from combinations of three fallout levels (including the

virtual absence of fallout radiation) w ith three fire-threat levels (including no fire

threat). The basic doctrine is that fallout radiation is to be considered as a constraint

on essential and urgent operations only in the virtual absence of the more certain

threats to survival, such as fire. Inasmuch as fire control and protection of survivors

threatened by fire are essential and urgent demands, it is only in the areas of

insignificant fires - those somewhat remote from the impact area - that fallout

determines the operational objectives of the fire services. This reduces the number

of contingencies to four, as indicated in Fig. 6.
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In the areas of n iictire thrtat. tkr.. theru: are tv,%o threat contingencies

appropriate to fire-Scr-v-iee operations:

CONTINGENCY I - TFREF7

NF\.EG ic-)
BASIC OPERATING SITUATI-ONS - , NEG FIRE

~LORAD-

PRIMARY OB-1JECTIN-E - Aid Impact Zones

SECONDARY OBJECTIVE - 'Maintain Life-Support Facilities

CONTINGENCY RESPONSE

Preattack- Preparation Emergency Activity

* Plan fire patrols e Assess fire threat

* Designate routes for 9 Patrol locally for delayed
mutual aid threats

* Optimize shelter utilization

e Provide aid to impact areas

CONTINGENCY II - "PINDOWN" RADIATION

BASIC OPERATING SITUATION JHifiD - NEGFIRE

PRIMARY OBJECTIVE - Secure Maximum Sheltering for Population

SECONDARY OBJECTIVES - Maintain Life-Suppor-t Facilities:
Conserve Shelter Resources

CONTINGENCY RESPONSE

Preattack Preparation Emergency Activity

" Plan for prolonged shelter stay *Assess fire threat
and f'or essential out-of-shelterSeksltradcsel.
ope rations but absolutely essential

" Implement for aid in operations (e. g.. responding
decontamination to delayed fire threats.

providing necessary additional

shelter cqpacity w.,- impnlact-
zone evacuees)
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In areas -aving a fire threat to survivors or survival resources, the basic

distinction operatinavly is betweer controllable and uncontrollable fires. Therefore,

there are two more threat contirgencies for which the fire services must plan. The

objectives and planned responses of fire services in these two threat contingencies may

be summarized as follows:

CONTINGENCY III - CONTROLLABLE FIRES

i NEGLAD
BASIC OPERATING SITUATIONS - - LORAD - LOFIRE

HIRAD

PRL.!ARY OBJECTWES - Control Fi&e; Protect Shelters from Fire

SECONDARY OBJECTIVE - Protect Life-Support Resources

CONTINGENCY RESPONSE

Preattack Preparation Emergency Activity

" Implement maximum self-help * Assess fire threat
capabil,_"ty

* Use self-help teams to
" Designate potential lines of suppress ignitions

defense d Establish fire-defense lines

at appropriate fire breaks

Suppress fires that exceed
self-help capability, but only
if they pose an imminent threat

to survivors or life-support
resources

CONTINGENCY IV - UNCONTROLLABLE FIRES

J NEGRAD
BASIC OPERATING SITUATIONS LORAD - HIFIRE

HIRAD

PRIMARY OBJECTIVE - Protect and Relocate Population at Risk

,SECONDARY OBJECTIVE - None
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CONTINGENCY RESPONSE

Preattack Preparation Emergency Activity

* Establish area and shelter * Assess fire threat

fire vulnerabilitv
0 Protect low-risk shelters

* Designate relocation sites from fire

and routes * Implement relocation from

high-risk shelters

o Rescue lightly trapped

survivors

0 Evacuate area

For maximum effectiveness, the fire-service unit cannot be expected to

operate independently. The need for information about the overall picture of threat

and demand and for support from other emergency services e. g.. medical treatment,

debris clearance, transportation of rescuees. etc,. requires a close coordination of

the fire service's activities with those of other agencies through a higher echelon of

control, such as the emergency operations center (EOC) of the civil defense

organization. There might very well be situations, however, in which a fire service

unit would, at least temporarily, be out of contact ith higher echelon control. Under

these circumstances. it would have to act efiectively on its own. which it could do

only if the local commander were able to make prompt and accurate appraisals oi

the local situation from limited information.

In either case -where the overall activities are coordinated through a higher

achelon command or where a unit commander must act independently -the effective

performance of damage control and rescue will depend upon prompt and accurate

appraisal and continual reappraisal of the fire situation. A practical approach to

developing a concept of fire-service organization and coordinaton is to view an urban

complex as consisting of contiguous areas of operation for individual fire-service

units. These areas could be established relative to normal jurisdictional boundaries
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or to boundaries around points of emergency deployment that represent the maximum

range a fire-service unit might be able to cover in response to postattack demands.

Either way, the operational area would, in general, be small compared to the range

of weapon effects. Higher echelon control would be based on assigning to each of the

operational areas a damage classification indicative of hazards, demands, anticipated

future threats, obstacles to action, and feasible courses of action. The assignment

would be derived from a damage appraisal based on various sources of information,

fragmentary at first but improving with time as unit commanders are able to assess

and report local conditions. The development of a useful and practical set of such

damage/demand categories is an important objective of civil defense research. The

nine basic operating situations described previously is an example that appears to be

operationally practical. A discussion of some interin rules for guidance of fire-

service response based on the nature of the fire threat (its imminence and whether

or not it can be controlled) has already been presented. (See Overall Urban Fire

Threat and Fire Threat to Fallout Shelters.) The basic assumption is that fire

conditions in some areas following nuclear attack, coupled with losses in resources

and mobility, could be so extreme as to preclude any effective fire-fighting and any

but the most expedient rescue activities, regardless of the preattack strength and

composition of the local fire service. These rules and their corresponding threat

contingencies or damage/demand categories are intended to be of use at either the

local or higher echelon level, because there is a need for appraisal and decision at

both levels. It is quite conceivable, for instance, that a city block, a group of blocks,

a single building, or a group of buildings containing a large sheltered population and/or

life-support resources might be saved by concerted fire-service action in an area which

otherwise is burning beyond control. It would be a mistake to evacuate such a situation,

thereby abandoning the resources and needlessly exposing the population to either

potential or certain hazards. Thus it would appear that, in areas oi generally

uncontrolled fires at least, thc judgement as to whether the local fire threat is
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controllable might have to be made at the local level. llox ever, it must be recognized

that the unit commander under such circumstances could %%eli have a very limited

view of the overall situation and might be unaware of long-range circumstances that

promise to make his situation untenable. The importance of higher echelon control is

obvious in such cases.
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Section .

PERFORMANCE Ilt: L-TIONSt!IPS

In order to quantitatively evaluate perfo-mance of the fire services, a series of

relationships must be available Nhich describes the interactions of resource expenditure

(in terms of personnel, time. and material) with demands and accomplishments. Some

of the required relationships are available from previous research, but may be

inappropriate to fire se rvices ope rating unde r nuclear-attac': condition-. whe re

resources must be conserved for thL most critical demands, as opposed to peacetime

situations, where iesources are se:,>om inadequate.

As an example, !ITRI indicates {Ref. 16) that the water usually delivered by

fire services during a peacetime fire is many times that actually necled. This is also

true of the number of pieces of equipment responding to an alarm. Much of the

apparatus, although costly and sophisticated, merely serves the firemen as transportation.

During overhaul*, the number of men used may he related more to the number available

than to the number needed. The point is iot made here as a criticism of fire department

practices, but as a warning to the analyst whc would apply peacetime operational data

to wartime situations.

Fire service activities can be subdivided into three main groups: preattack

preparations, fire-control functions, and "rescue" (including remedial movement)

functions. The following lists cover each of these groups:

I. Preattack Preparations

A. Fire prevention

B. Thermal countermeasures

C. Training of nonprofessional auxiliaries

* "Overhaul" is th,2' term used to describe the actions taken after the fire has been

brought under control to assure that it will not Ftart up again., k major part of the

total effort is given to overhaul in peacetimc fires.
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IL Fire-Control Functions

A. Search for fire

B. Assess long-range threat

C. Deploy or redeploy forces

D. Extinguish ignitions (up to flashover)

E. Suppress room fires (up to penetration)

F. Suppress building fires (up to total involvement)

G. Exposure control (including firebrand patrol)

H. Demolition and backfiring

IIL Rescue Functions

A. Direct (or lead) ambulatory survivors to safe refuge

B. Provide "water curtain" protection for evacuees

C. Remove obstacles in routes of evacuation

D. Provide transportation for evacuees

E. Remove or release trapped survivors

F. Provide first-aid medic-- assistance

In the following sections we will be considering postattack activities only.

The various preattack preparations shold have significant effect on the postattack

fire problem, but we are concerned here with fire-control and rescue functions in the

postattack period only.

FIRE-CONTROL ACTIVITIES

Performance relationships have been studied by quantifying the fire problem

without control and then estimating the action required (effort and resource experditure,

equipment requirements, etc.) to gain control at different times. The type of

information needed includes the time variation of fire growth, intensity, spread, etc.
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Search for Fires and Survivors

A limited number of tests were conducted during the report period to determine

the time required to search a building for ignition points and/or survivors. A walk-

through search was made in buildings of several occupancy types having various

compartment sizes and fuel distributions. Search times were recorded fer large,

open shop areas. partially compartmented shops, storage areas. and office areas. A

walking rate of about 199 ft/min could be maintained while observing corditions 30 ft

on each side. The same areas could be searched at a rate of 270 ft/min while

observing conditions 20 ft on each side. The search-time data for both cases were

in good agreement. A plot was made (Fig. 7) showing the search time for 10,000 sq ft

as a function of compartentation. The results agree quite closely with fire search

data obtained by 1TRI (Ref. 17), in which it was concluded that for 175 floor plans

taken from a shelter building survey, the search time varied from 2 to 10 win for

each 10, 000 sq ft of floor area.

The actual time required for search depends, as shown above, on the floor

area and compartmt r.ation of the building involved. This would be so for a building

experiencing no structural damage. It is evident that the presence of debris in halls

and stairwells or damage to doors and doorways can substantially increase the

required search times.

Extinguishing Initial Fires

Firefighting activities during the first half hour after the attack are especially

important for a number of reasons. it is during this period that initially ignited rooms

will flash over and become fully involved in fire. Fires which can be extinguished

* prior to flashover will require considerabiy less manpower, professional competence,

specialized equipment. and water than fires for which flashover has occurred. It has

been demonstrated and reported by UTRI in Ref. 16 that small self-help teams using

i
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portable extinguishers are able to handle room fires up to a ?Oint just prior tW

flashover. Figure A presents this information in the form of probabilities of ioom

flashorver and 3.xtinguishment versus time.

The time required by self-help teams to suppress fires is also reporteo 'in

Ref. 16. Depending on the type of fuel unit and the extent of involvement, the

suppression time ranges from negligible to about 1-1/2 min. In addition, Ref. 16

states that the time differential consideced necessary for a seii-help team of two men

to suppress one fire and to reach another is 5 min. Self-help teams fighting fires

in multistory buildings are. therefore. considered to require about 3-1/2 to 4 min of

search and travel time and 1 to 1-1/2 min of extinguishment time per fire on the

average. Average water requirements range from negligible to about 2 gal. per fire.

The HTRI studies of Ref. 16 carry on the extinguishment i-:_zIdgations to

include trained volunteer brigades and professional firefighters for residential-type

fires beyond the capability of self-help teams. All of this information has bet. n

incorporated into Fig. 9 which relates the percentage of significant fires requiring

w, least the indicated action for control to the delay in starting.

. iExtinguishing Compartment and Building Fires

Extinguishment activity for fires beyond the flashover stage is related to the

total volume or area of fire involvement according to the IITRI studies. In order to

derive a relationship for manpower and resource expenditure versus extent of fire

involvement, something must be known about general fire spread in compartments and

buildings.

Fire Spread

To accumplish a nondetailed, stochastic treatment of fire spread, it is necessary

to treat 21ass averages. In the case of building volumes involved in fire, this includes

certain assumpt;ons concerning both the average total volume of buildings and the
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average volume of the enclosures that make up the building for each kind (e. g.,

occupancy, size, types of construction) of building treated as a class. This can lead

to a considerable amount of "glossing-over" of the details of fire behavior and

contains the risk of providing 2rroneous results; however, if fire behavior is to be

generalized, it is quite impractical to proceed in any more detailed fashion. There

Is some evidence in the limited data available from actual building burns that the

cumulative volume of flashed rooms is A regular, smooth function of time after

ignition at a given point in the building in spite of variations in room size (Ref. 18);

so there is some justification for the following approach which treats structures as

being made up of rooms of average dimension.

To express the fire spread in a building we start with the number of

compartments involved or the building volume burning and describe how this quantity

varies with time. For a one-story structure the process of determining the fire-

spread relationship could be as follows:

1. Determine the average room area (sq ft) by dividing the total area
by the number of rooms.

2. Determine the volume (cu ft) of the average room (V) and the total
volume of the structure (VT).

3. Calculate the number of rooms initially ignited by thermal radiation
(or other sources) by multiplying the probability of ignition by the
total number of rooms on the exposed side (or other computation
depending on the ignition source).

4. Calculate the total volume of rooms initially ignited that will flash
over (V ).

5. Allow 18 min becween ignition and flashover of ignited rooms.*

*From Ref. 19, 18 min is the average time required for flashover in a room artificially

ignited. It should be pointed out that experiments yielded flashover times varying from

4 min to 2 hr; however, within 10 min after ignition, only 20 percent of the test rooms
had flashed and by 28 min over 80 percent had flashed. (Residential living rooms and
bedroo-ns appear to respond differently. Although not statistically very significant,
the average fladhover time for bedrooms was found to be 8 min.).
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-; 6. With reference to the time of flashover of the ignited rooms, the
- cumulative volume (cu ft) hat has undergone flashover at t

minutes is

i = eSt V < .

i V(t) V e , <V(t) VT (Ref. 18) (1)0 0 -- '-A
1 -- where S is the spread rate expressed in reciprocal minutes.

Ii follows that

dV(t) SV(t), V < V(t, V (2)
dt o 

(2

It may be inferred that the rate of fire spread in a single-story
building (1) is proportional to the flashed-over volume, (2)
depends on the volume initially igr ited, and (3) is independent
of the total volume of the building (until the billding is burned out).

7. Estimate or determine the fuel load (lb) for tL'- entire story.

- 8. Estimate or determine the total fuel load (lb) for the average
room (w).

9. Estimate the fuel area (As) in sq ft of the average room by
calculating the sum of all combustible and exposed inner surfaces
of the rooms (vertical walls, floors, ceilings, etc.).

10. The burning rate (R) in lb/min for rooms during the peak fire
period is

R = 0. 09A (Ref. 19). (3)5

(unless fire is ventilation-controlled, in which case R = 1. 5A VH,

where A is area aAd H is height of opening in ft).

11. The duration of the peat fire period (D) in minutes in any average
room is

0.5w
D 0. 09A (Ref. 19). (4)

S
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12. Several characteristics of Eqs. (1) and (2) indicate that they
describe nnly the early stages of fire development following
flashover of a single room:

A. Under certain conditions buildings would contain a numnber of
independent initial ignitions, and simultaneous flashover of
the rooms in which they are located is very unlikely. In fact,
the time to flashover of a single room is quite uncertain and
has been represented as a pro-bability distribution, as a
flinction of time following ignition (Ref. 16). If if(t) dt is

the pr bability that an ignited room flashes over in the time
increment t to t + dt following ignition, and Vo is the total
volume of all initially ignited rooms that will fiazh over as a
result of initial ignitions, then the average rate of volume
flashover is Vo Of(t) .

B. Equation 2 indicates that the rate of spread is proportional to
the volume that has flashed over, which as time progresses
includes rooms which have already burned out. In an attempt-
to take the burning-out of rooms into account, we have
designated the partial volumes which are not yet flashed over,
flashed over an d actively burning, and burned out, as V u(t),
VF (t) and VB ') respectively, and have retained the

exponential functionality while making the more reasonable

assumption that

av F (t)
0F c't =SVF(t)"

Since the total volume of the building must be equal to the
partial volumes, i.e.,

V = V (t) + V (t)+ (t), (5)
T U F B

the volume flashed over and actively burning at any time is also
determined by V (t) and VB(t ) . These relationships can be

expressed 
as

t

*The integral Pf(t) =f (t)dt is the probability that a randomly selected room has

flashed over by time t. This quantity is reported in Ref. 16.
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av(t) avB(t)
.at = v itf(t) + SV(t a

f at

Taking partial derivatives of Eq. (5)
I

. :aVu(t) aVF(t) aVB(t)
aU M F M vBW
-t at at

and substituting the expression for aVF(t) yields
at

avu (t)

8t = 0 V f M)- SVF(t) (6)

C. The period of active burning of a structure exceeds the burn
duration of individual rooms, and therefore the entire volume
of a building does not burn out simultaneously. Assuming that
all ignited volume elements burn for the same length of time,
D (the peak fire period of an average room), then each volume
element which was ignited a time D earlier will burn out at
time t, or

3v (t) av (t-D)
B U = S VF(t-D) + V Af(t-D) (7)
at at F 0()

For multistory strictures, the additional considerations fo- vertical

spread must be incorporated. The foliowing basic data inputs from IITRI

studies (Ref. 19) will apply for vertical spread conditions:

* Room flashover to ceiling penetration (if combustible): 25 min

* Flashover of stairwell on one story to flashove - of stairwells on
all upper stories: 10 min

* Flashover of stairwell on one story to flashover of stairwell in
next lower story: 30 min
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aishmmut Rate Considerations

e method of treating tW problem of controlling compartment and

building fires is to introdr.e and develop the extinguishment rate coucept. We

may define the fire volume at any time relative t its initial value s

F(t) Y- t,
VO

According to Eq. (1), if the fire burns without attempted control

St

and, therefore, dF/dt = Se-' = SF. -. however, extinguishment is applied

after a time t1 at a rate E (volume extinguished per unit time), the time rate

of change ef F can readily be seen to be

H_) SF(t), 0__ t < t 1
dF(t) (8)

SF(t) -E/V , t < t< t
0 1 X

where t is the time at which extinguishment is complete.x

Letting the value of F at the time extinguishment action beGins be

F, St
F =e St

It should be pointed out that the quantity tx in Eq. (8) is to be interpreted physically

as being the time at w-hich the active flaming combustion of a structure is suppressed
rather than the time of complete extinguisbment. That is to say, it does not include
the relatively long time required to overhaul a fire by extinguishing all of the
relatively minor residual combustion. Therefore, the interval tx - t I can be regarded
as being the time taken to gain control of the active fire once extinguishment activity
begins, which we can express as tc . A fire which has been controlled in this manner
may not be left unattended for very long without accomplishing complete extinguishment,
since there is the possibility that the residual combustion would result in reinvolvement
of the structure.
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and integrating the function F(S) over the period of extinguishment. viz.

d~ d(F E/SV ) 
dt

F- : sat_

F F t t1

the following expression for extinguishment time results:

EII

t - I/s t (9)tx = / ~ E/SVo _ F1*t19

From this equation we can conclude that a given fire is extinguishable for the

condition satisfied by

E/SV > F

or whenever

t < 1/S n (E/SVo) (10)1 0

he foregoing equations allow the interrelationships of extinguishment

rate, extingu:shment time, and the delay in applying control to be examined.

These are displayed in Fig. 10.

To be truly usefl, the extini'Aishment rate should be expressed in

terms of the application rate of uriter. It is reasonable to expect that one is

proportional to the other. We have taken this as a working hypothesis expressed

as

Q = cE (11)

where Q is the volume application rate of water (gpm) and the constant of

proportionality c has the units of gallons (of water applied) per cubic foot

(of flashed over volume suppressed). We are unable to find information suitable
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Fig. 10. Time to Control Fire as a Function of Delay Following Flashover Be-
fore Control is Started for Various Extinguishment Rates
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to the direct evaluation of c; however, ae have accomplished an evaluation which

is generally consistent with fire experience, using the equations developed above.

This evaluation is described in the following paragraphs.

[Empirical data on times required to control residential and nonresidential

fires (t.) and on the correspcnding application rates of water (Q) are related to the total

F fire area (A) in a recent TRI report (Ref. 20). From these data a relationship

between the volume rate of water application and the corresponding volume rate of

extinguishment can be derived if the changes in fire-involved area during control

activity, as well as its growth before control activity starts, are accounted for in the

analysis. These quantities are not given explicitly among the data of the referenced

report; however, they can be deduced by applying the equations developed here as a

data correlating device.

-. As indicated earlier, the control time, t. , is expressed by the interval

tx - t1 , and can be regarded as being the time taken to gain control of the active fire

once extinguishment actively begins. From Eq. (9) we can express the control

". time as

c x E/SV

or -t 1 fnES
• or

t -1 /S 1 E° F
cE 1)

-St1 St
Recalling that Vo V1e 1, and F1  e 1, and making the appropriate

subsLitutions, the equation for control time becomes

t = -I/S n ( (12)
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At this point it is necessary to make the further assumption that the volume

(VI) of fire involvement at the time successful control activity beL.s is the largest

value attained during the course of the fire* and that it is equivalent to the IITRi fire

area, A i.e.,

V =hA2  (13)

in which h is the average ceiling height. Subetituting Eqs. (11) and (13) into

Eq. (12) we obtain

ct 1/S (14)cQ

or the alternative form

2 /Q . (I - / Sc (15)

To test the capab.iity of this furction to correlate the IITRI operational-St
data, A2/Q and 1 - e c were calculated**from the values reported in Ref. 20,

and a least squares fit tc the line

Y = A+BX
where

Y = A2/QandX =1-e c

was obtained. Because of physical arguments, the Y-intercept is expected to be

at the origin, if the data correlate on this basis. It was not necessary to impose

this constraint, however, since the Y-intercept of the least squares fit (the expected

value of A) turns out to be not significantly different from zero as indicated by the

95-percent confidence interval. Inserting the expected value of B in the relation

1 = 1.8
chS c

For the mathematiial model we are using, this is always the case if control is
attained.

**Assuming ceiling heights to average 10 ft and the spread rate constant

S = 1/18 min- 1 . See Ref. 18 for justification.
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the expected --'alue of c -as calculated to be 0.4 - 0. 2 gal/-"I ft. The

resultant uncer.ainty is large. but variance in the data is also large. In fact. a

simple analysis %as made without taking into account the growth of fire during

extinguishment, an.d some of the resulting values of c differed by more than an

order of magnitude. Correlation of the data by the mole refined analysis is

probably about as good as might reasonably be expected considering the nature

of the data, which incidentally is adequately represented by Eq. (15).

Attempts at correlating the perational data (Ref. 20) using simple linear

relationships fail because the exponential growth of fire during operations is

ignored (presumably the rate of growth is less than the rate of extinguishment).

If the control period, t , is short (t < the waterusageQ/V isproportional
c c S I

to 1/t and, as expected

Qt jc V A2c 1 2

It1
Howe,!er, for long control periods (t >> ), Q 3C V1 a A2 (Q/A 2 approaches a

constant value).

Using the results given above, Eq. (9) can be rewritten as

/ S- St
t =-/S - e ) (16)
c Q

To illustrate the use of extinguishment under this concept, a concrete

example is useful. Without extinguishment, the spread of fire through a
,

buiiding can be numerically evaluated by means of Eqs. (5), (6), and (7). By

assuming conditions of initially expected flashover volumes, peak burn duration

of an average room (say 30 min), and spread rate, we can calculate the fire history

in buildings. Figures 11 and 12 illustrate two examples of this for initially

flashed over volumes of 10 and 50 percent. In these examples we can now apply

A computer program was written to facilitate numerical evaluation of these

expressions.
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SPREAD RATE: 1/18 minutes"

ROOM BURN DURATION: 30 minutes
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Fig. 11. Fire Buildup and Decay in a Structure when 10 Percent of the Rooms

are Initially Ignited
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SPREAD RATE: /18 minutes - '

ROOM BURN DURATION: 30 minutes
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Fig. 12. Fire Buildup and Decay tn a Structure when 50 Percent of the Rooms
are Initially Ignited
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extinguishment after a given delay and estimate the change in fire history as a

result. Figure 13 shows the rcsult of one such calculation for an initially ignited
-1volume of 10 percent, an extinguishment rate (E/V ) of 0. 01 mli , and a

0

delay in attempting control of 40 min. In this case control is not achieved because

of the combination of low extinguishment rate and long delay in initiating control.

The numerical method used in calculating the curve of Fig. 13 is not yet reliably

programmed for computer solution, and the following example employs the simpler

analytical method described earlier.

Another example - one in which control is achieved - is the case of a

50, 000-cu-ft building in which 10 percent (5000 cu ft) is initially flashed over and

water at a rate of 800 gpm (typical capacity of a modern pumper) is applied starting

25 min after flashover occurs (about 40 min after initiation). For this case E would

be approximately 2000 cu ft min (E = Q/c = 800/0.4). According to Eq. (1),

by the time control activity begins the flashed-over volume w-ill have grown to

20.000 cu ft (corresponding to a floor ares of 2000 sq ft in a building with 10-ft

ceilings), and according to Fig. 10 (for E/V = 2000/5000 and t, = 25 min), 14 min

would be required to knock the fire down to the point where the 800-gpm pumper
could be replaced by self-help forces and move on to another fire. For the same

building and the same delay, control would not be achieved if 400 gpm or less were

applied [according to Eq. (10); whereas control could be achieved in less than 20 min at

the reduced rate of application if control activity began within 15 min after flashover.

These methods of evaluating extinguishment capability are conducive to

computer calculation and as such can be applied readily to a formal model of fire

service performance.

Controlling Building-to-Building Fire Spread

The spread of fire from one building to another may take place by a number

of mechanisms. Where there is no separation between buildings, spread may occur
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il
by a penetration process, which is merely an extension of spread from compartment

to a compartment within one building. Where buildings are physically separated,

spread may proceed by convection, radiation, or firebrands. The problem of spread

by radiation has been studied sufficiently to permit the calculation of certain

performance relationships. Factors related to spread by radiation and two methods

of controlling spread will be given in the follow.:ig paragraphs.

Fire Intensity

As a measure of fire intensity one could use the burning rate or heat release

rate. Equation (3) already gives us the burning rate during peak fire for a well

ventilated fire, viz., R = 0. 09A s . A determination of the volume of the structure

burning at any time, VF(t), can be obtained by use of Eq. (7). This relationship

along with the average room volume can then be used to yield the burning rate at

an time, viz.,

V (t)
FR(t) - x 0.09A (17)v s

This equation would be in units of lb/min and could be converted to Btu/min

by multiplying by 8, 000 Btu/lb (the average heating value for wood) or any other

suitable value to reflect the specific occupancy or building class or construction

material used.

Exposure Control

The basic problem of exposure control is to prevent ignition of a non-burning

structure as it is being exposed to the thermal radiation, heating by convection currents,

and firebrands arising from a nearby, but separated, burning structure. In most

circumstances the impoitant fire-spread, heat-transfer mechanism for spread between

closely spaced buildings is thermal radiation, and this section deals solely with handling the
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problem of reducing the incident thermal radiation to below ignition levels.

Two specific methods of exposure control are examined in this report.

The first method is the simple erection of a water screen at some plane in

between the exposed and the burning structures. The other method involves actuaPy

spraying the exposed surfaces with streams of water.
7

Water Screens

The thermal energy at the radiating surface (Io) can be taken as 4 cal/

cm 2 -sec (Ref. 21) since most buildings will have fuel loads greater than 5 lb/sq ft.

The exposed surface will be protected if the incident radiation is reduced below

0.8 cal/cm2 -3ec. * To determine the radiation level at the exposed surface, the

following procedure is performed:

1. Estimate the distance (C) between the burning and exposed buildings.

2. Estimate the smaller dimension (A) - horizontal or vertical -of the
radiating face (the entire face of the burning building).

3. Estimate the ratio (R) of the larger to smaller dimension of the
radiating face.

4. Estimate the fraction (W) of radiating face occupied by any combustible
surface and window area. If the entire face of the building is combustible,
then W = 1 and if no portion of the face is combustible, then W is equal
to the fraction of window area.

5. Calculate the parameter RA/C.

6. From the graph of Fig. 14, read off thc value of the configuration factor
using the appropriate R.

Reference 21 also indicates that the incident radiation would have to be reduced

below 0. 3 cal/cm 2 -sec for pilot ignition. Recent data (Ref. 22) indicates that
spontaneous ignition may occur for radiation values as low as 0. 4 cal/cm 2 -sec.

Note that (p is 1/4 the configuration factor g5.
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* - 7. Calculate the unreduced radiation (I u) at the exposed surface from
the formula:

I
u

=49 =- or I = 16W9 (Raf. 21). (18)
4W u

If I is less than 0. 8 cal/cm -sec then no action is needed, but if it
"* U

exceeds that value, the excess must be removed by the water screen.

The water screen thus will have a required maximum transmission (T) of:

0.8
T- = 1(19)

u

The screen actually consists of tiny water droplets with an assumed typical

radius of lOOp . A calculation of the energy removed by these droplets is

required. The extinction (absorption plus scattering) cioss section A(r) or

effective area of a single droplet is:

. A(r) =rr 2 Ke (20)

where r is the droplet radius and Ke is the extinction coefficient,

Extinction cross section as a function of wavelength is given for various

radii of water droplets by Arnulf et al. (Ref. 24).

Fo radiation normally incident on a plane cloud of droplets, the

following transmission equation applies:

T =e-NA(r) LT=e , NA(r) L= -&iT

where N is the number of droplets per cm 3 and L is the screen thickness in cm.

This expression may be changed to include the relationship for transmission

* .from Eqs. (18) and (19), viz.,

*Typical pressure nozzles produce droplets with radii varying from 5 to 250p,

with only abouc 1 percent of the droplets in excess of 100p (Ref. 23).
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NA(r)L =-en ( W') (22)

For a screen with a base of b cm and a vertical velocity of U cm/sec, the

water flow rate (R) in cm 3 /sec required to sustain the screen is

R = (NLbU) 1- 7rr3) (23)

For the droplet aize range indicated, Stokes law applies, and the terminal

settling velocity of the particles is expressed by

U 3I9 )7 (24)

where p is the droplet density in gm/cm3 , g is the acceleration due to gravity
2in cm/sec 2 , and 7 is the air viscosity in poise.

The water flow-rate equation may now be expressed in more fundamental terms

by substitution of the equivalent for U from Eq. (24) in Eq. (23), viz.,

R = (NLb) (2pgr. (47rr3) (25)

By use of the expression for N from Eq. (22), we now have

R 11 I t 0. 8 (Lb) 7r~ r
R A(r) L 16W )( 91 7rr3

R ( 87r ) -i (26)2717 A(r) 0.05

Under the assumptions used in this analysis, this expression gives the water flow

rate required to maintain a water screen with base b which will reduce the incident

thermal energy below ignition revel.
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SSpraying the Exposed Surface

For this method of exposure control, the unreduced radiation at the

exposed surface is first absorbed by the outer layer of the surface and then

. removed conductively by the water layer sprayed on. The maximum energy
removed by the water layer would be the sum of the energy iequired to rai.s the

water temperature from say 25 to 1000 C plus the heat of vaporization. This sum

is 613.7 cal/cm3 .

If the water layer is applied at the rate 0 cm/sec, then we have a minimum

requirement for protection

I - 0. 8= 613.70 (27)
U

or I -0.8
0=

613.7

Substituting Eq. (18) for I and converting to ft/sec yields
u

-40 = 4.28 x 10 (2W -0.1). (2P)

If the total surface area to be sprayed is A sq ft, then the rate of water usage

required (R gal/hr) is

R = 11.5A (2W¢ - 0.1). (29)

Damage to Fire Vehicles

It is important to be able to estimate damage to the mobile equipment and the

length of time needed for repair of vehicles in various damage categories. The

degree of damage to fire trucks and rescue vehicles depends both on the shelter

available and on the conditions of blast and thermal radiation characteristics of the

nuclear weapon. If the vehicles are parked indoors in closed garages, their damage
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will be primarily determined by Lhe vulnerability of the s:ructure. This discussion

will be limited to vehicles parked outside.

The blast damage to vehicles is an increasing function of both the peak

overpressure and the duration of the pulse. -As the weapon size is increased. the

duration of the shock front is lengthened. Thus, the damage caused by large weapons

is greater than that caused by smaller weapons at points of equal peak overpressure.

Figure 15 gives the relation between peak ovezpressure and weapon size for light,

moderate, a-id severe damage to vehicles. This figure was constructed from data

given in Re-,. 6, 25, and 26.

Severe damage is defined as gross distartion of the frame with the possibility

of complete dismemberment. Moderate damage is given as wbeels and undercarriage

damaged or dismembered, and/or en';ine damaged, with overt ning probable.

Examples of light damage are glass breakage, some bending of fenders, and denting

of hoods. It may be noted that the peak overpressure at which light damage occurs

is nearly independent of weapon size. Glass bieakage and similar da-a-ge doe- not

require a force acting over a long period and thus depends almost entirely on the

peak overpressure. It should also be noted that all forms of damage are weakly yield

dependent for megaton yields.

Vehicles undergoing severe damage may be considered to be useless for

firefighting purposes in the postattack period except for the possibility of providing

spare parts for repairing less severely damaged vehicles. Many moderately damaged

vehicles should be capable of being used after 1 or 2 hours of repair; however, special

equipment or personnel might be required. Lightly damaged vehicles could be made

operational by the operator within about a half hour. The severity of damage of a

vehicle depends to a certain extent on its orientation with respect to the blast wave.

Those vehicles facing forward or away from the blast are more resistant to

overturning and are thus less likely to be heavily damaged.
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RESCUE ACTIVITIES

The overall objective of rescue is, of course, to save lives. The tasks to

be performed include:

1. Search for survivors who are at risk

2. Release of trapped survivors

3. Administration of first-aid to injured survivors at site of rescue

4. Movement of survivors to safe quarters

A detailed "urban area" description is necessary in defining the magnitude

of the rescue problem because the number and types of injuries sustained by survivors

of a nuclear attack, as well as the number who are trapped, are strongly dependent

on the types of construction in the urban area. The nature of the urban area also

affects debris levels and, therefore, the time required to search for survivors and

to transport them to safe quarters.

The main problem in establishing rescue effort requirements becomes a

matter of determining the degree of risk to and condition of the survivors. Functional

relationships valid for the wide variety of postattack conditions depend on the availability

of the following types of data.

1. Casualty and trapping functions providing number, condition, and
location of survivors. Useful data are presented in Refs. 10, 11, and
27, and it is expected that the necessary relations could be extracted
from these sources.

2. Debris levels can be predicted by the methods presented in Ref. 8.
Speed of movement over debris is estimated in Ref. 28. An analysis
of search time (man-hours per unit area) is presented earlier in the
present report. These sources should provide enough information to
estimate effort requirements for search and transport of survivors to
safe quarters.
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- 3. Effort required to release each trapped survivor is expected to

decrease with increasing survivor density since casualties would

be grouped together in the safest areas available. Some data are

presented in Ref. 10 and additional data may be obtained from

reports of natural disasters.

4. Effort required to administer first-aid to the various casualties.*
It has been suggested that the following emergency treatments be

given priority in the order listed: (1) stop bleeding by application

of pressure bandages. (2) treat for shock, and (3) splint severe

fractures. Reports of emergency medical treatment under combat

conditions may provide useful information.

5. Prognosis for recovery from various types of injuries as a function

of the waiting period preceding rescue.

6. Prognosis for recovery after exposure to fallout radiation. Exposure

dosage can be estimated using procedures given in Refs. 29, 30, 31,

and 6. Mortality data are given in Ref. 32.

7. The number and distribution of burn victims and their chances for

recovery are not readily ascertained. It can be assumed that the

arrival of the fire front probably results in instantaneous death for

some fraction of the trapped and non-ambulatory survivors.

Need for Relocating Survivors

Survivors in the postattack period may require relocation due to (1) the

uncontrollable nature of the fire situation, (2) the need to seek better shelter from

fallout effects (blast damage in the absence of a fire problem), or (3) because of the

need for medical attention to injured personnel. The most common reason for relocation

will no doubt be uncontrollable fires, which could be due to initial ignitions in the area

or a result of fire spread from other areas,

*D. B. Wallace, oral communication.
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Casualty/Injury Relationships

Based on the experience in Japanese cities subjected to nuclear weapon attack,

several investigators (Refs. 10 and 11) have presented casualty curves for various

building types. The casualties are categorized in a number of ways. We have

attempted to group casualties in a way that will facilitate rescue requirement

calculations. The casualty curves developed here (Figs. 16 through 21) are based on

a 10-Mt surface burst. These represent the condition of survivors in six different

types of buildings at the end of the first day after attack, grouped as follows:

1. Uninjured (UI) - Survivors receiving no injuries or only minor injuries
requiring no medical treatment for continued survival.

2. Lightly Injured (LI) - Survivors suffering injuries that require only
minimal medical care for continued survival.

3. Ambulatory Seriously Injured (ASI) - Survivors who, although ambulatory
initially, have suffered injuries which will result in death within the
next 60 days unless they receive more than minimal medical care.

4. Nonambulatory Seriously Injured (NSI) - Survivors who are injured so
severely that they cannot move themselves and will die within 60 days
unless they receive more than minimal medical care.

5. Trapped (T) - Survivors confined by blast-caused debris so that they
cannot escape without help. Although this category is separate from the
categories above, Lncluded persons will be in the UI to NSI states in
unspecified proportions.

The six buildirg types used are defined in Refs. 10 and 11 as follows:

1. Wood-Frame Buildings. This category consists of relatively light
wood frame homes and home-industry of pre-war Japan.

2. Load-Bearing Brick Wall Buildings (BR). Buildings in this category
are comparable to nonreinforced U. S. load-bearing brick construction.
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3. Light Steel-Frame Buildings (LSF). Ths category consists mainly of

1-story industrial types similar to those in the U.S.. with relatively

short spans and having sheet metal or corrugated asbestos siding.

4. Heavy Steel-Frame Buildings (HSF). This category is represented
by 1-story heavy industrial "mill type" buildings of a height omnoarable

to 3- or 4-story U. S. buildings. Sheet-metal or asbestos-cement

siding were common in Japan.

5. Japanese Reinforced Concrete (JRC). These Japanese buildings were
all-reinforced concrete multistory buildings (used for offices or public

buildings) with integral roof slabs and wall panels. These buildings
incorporated earthquake-resistant design and were generally stronger

than most U. S. buildings which are not earthquake resistant.

6. American Reinforced Concrete (ARC). These buildings are similar to

the JRC described above, but are not earthquake resistant.

Reternce 10 provides a rationale for subdividing the total mortality values

of Ref, 11 (values derived from mortality statistics from Hiroshima at the end of

a 60-day period following the atomic attack) into the ASI, NSI, and T cater-)ries.

Values for the uninjured category are simply derived by difference.

For megaton-yield weapons, the number of casualties from initial nuclear

radiation is relatively unimportant compared with those from blast. Also, flash

burns are minimal inside of buildings at the ranges of interest. Therefore casualties

in a sheitered population are primarily due to blast effects, and can be setled with

distance reliably by the "cube-root law." (Actually, different exponents are used

for different building types (Ref. 11)).

An important limitation of the data (as pointed out in Ref. 10) is that lethal

stem fallout did not occur in Japan. Further, the fire radius is much greater for

large weapons, making it difficult for ambulatory survivors to move far enough in the

time available to escape the fire, as they did in the kiloton attacks on Japan. The

single mortality function of Ref. 11 therefore probably drastically underestimates the

actual total mortalities for large weapon yields. However, for purposes of evaluating
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the effectiveness of firefighting activities and rescue operatinns in a local area in

the first hour or so after an attack, the data would seem to be appropriate.

Rescue Effort and Performance

Although a simple measure of performance, such as the number of suvivors

rescued by direct action of the fire services, might seem desirable, such a measure

does not take into account the prognosis for recovery of those rescued. Criteria for

judging the effectiveness of the rescue effort are discussed in the next section, and it

is concluded that effectiveness is to be measured in terms of rescued survivors who

will ultimately recover from their injuries. Therefore the condition of the rescued

survivors must be specified. In Table 1 the rescuees are divided into 10 categories

(i = 1, 2, ... 10) according to their condition immediately after the attack. Although

the data are not in hand, Table 1 indicates symbolically the average effort (in man-
Rhours) required to perform the various tasks. For example, ER . . represents the

average number of man-hours required to release from entrapment a survivor whose

condition is designated by i and whose location is designated by j. The total

effort required to rescue this survivor is given by the -um

S F R T
E. =E +E + E .E1, j i, j 1, j 1, ] l., 3

where S, F, R, and T refer to search, first-aid, release, and transport, respectively.

Effectiveness C riteria

Not all of the rescued survivors in each category will recover from their

injuries. Let P.( T) be the prognosis for recovery (expressed as a probability ranging1
.th

from 0 to 1) of a survivor who was in the i condition immediately after attack and

subsequently went unattended for a period of time T before being rescued The

prognosis for recovery Pi(T) can be expressed as the product of three probabilities:
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1. Probability of recovery, from original injuries only, after waiting
a period of time T for rescue

2. Probability of recovery from radiation exposure received while
awaiting rescue

3. Probability of recovery from fire-inflicted burns received while
awaiting rescue

Figure 22 illustrates the manner in which prognosis for recovery depends

on delay in effecting rescue for different casualty categories.

-44
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Fig. 22. Prognosis for Recovery vs Rescue Delay

The iliustration appliec to cases where fallout and fire do not constitute continuing

threats and where adequate medical care is available following rescue.

Once a survivor is delivered to safe quarters the rescue is accomplished, and

consideration of the medical treatment received thereafter is not included in this

investigation.

5-42



V

URS 673-3

The ratio

E.

P.(r)
1

gives the average effort (in man-hours) required to rescue a survivor who was in
th th

the i condition and j locale immediately after attack and will subsequently recover

from his injuries.

If the surviving resources of the fire services are not adequate to perform

all of the damage control and rescue tasks demanded of it, then they must be distributed

among the various tasks and locales within the stricken area. The distribution of

surviving manpower will be a function of (1) time, (2) location, and (3) task to which

assigned. Although somewhat artificial, it is useful to define the assignment of man-

power to the rescue mission in the follovAng way:

M (7) = manpower (number of men) assigned to rescue of survivors in
3,3 ith condition and jth locale

This variable is a. j a function of elapsed time since attack, T. The rescue

rate
th

F(7) X M (T) = rate of rescue (number per hr) of survivors in 1
i E 11 condition and jth locale who will recover, which may be

(th
integrated with respect to time to yield the number of survivors (i condition,

th locale) who have been rescued by time t and will subsequently recover:

T=t

N (t) = f P (T) x M. (f)dT.,J Ei .jJ i i ,J
13T=O

Summinng over all i

N (t) = N. t)
J iJ

i

5-43



u n g 673-3

and over all j

N(t) = N (t)

gives the total number of survivors who have been rescued by time t and will

subsequently recover.

Although the actual number of survivors requiring rescue after nuclear attack

is ill-defined, the estimates generated by the analysis will be exact, and it is on this

basis that the performance of the rescue effort will be evaluated. If Pi(O) is the
.th1

prognosis for recovery of a survivor in the i condition who was rescued immediately
.th

after attack, then multiplying the total number of 3urvivors in the i condition by

Pi(O) yields the maximum number who might subsequently recover from their

injuries, Summing this product over all survivor conditions and locales yields the

total number of "rescuable" survivors.

The fraction of "rescuable" survivors who are actually rescued and subsequently

recover is one measure of effectiveness which could Ie adopted for evaluation of the

fire service's performance of the rescue function.

Equipment Requirements

The organization and equipage of light- and heavy-duty rescue squads is set

forth in OCD directives (Ref. 33). These specifications form a basis for evaluating

and/or improving the equipage of fire services for rescae work. They do not, however,

take the following into account:
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1. Demands for heavy-duty engineering equipment such as bulldozers,
powered shovels, etc.. which might be required to clear streets and
assist in extricating trapped survivors.

2. Demands for fast transportation (trucks, buses. etc.) of large numbers
of survivors to safe quarters.

These services might be provided by units of the proposed Emergency Operations

Systems (Refs. 29 and 34), in which case the distribution of fire-service resources

would be considerably altered.

The capability of the fire services to perform the rescue task is believed to

be limited by the availability of manpower rather than equipment and therefore the

distribution of manpower will be stressed in the analyses, with due consideration being

given to the proper outfitting of available personnel.



U z E 673-3

Section 0

ANALYSIS OF FIRE-SERVICE PERFORMANCE

The evaluation of fire-service performance logically divides itself into two

parts. First, it is necessary to estimate the level of performance without attempting

to assign a measure of worth to that performance. Thus the application of a given

level of effort in manpower. equipment. and resources can be estimated to produce

certain results in saving lives and resources under a gi,,en set of conditions. Section 5

of this report develops analyical expression for some of the relationships between

threat, demand, resources available, and performance that are required for

estimating performance. Second, these accomplishments must then be evaluated

relative to certain standards of perfor-,ance (or criteria of effectiveness) which are

derived from the ranking of importar.ce of the objectives achieved. In other words,

it is necessary to evaluate how effective the performance was in accomplishing

various objzctives in oraer of their importance. The following discussion treats this.

the second aspect of the analysis.

ASSESSMENT OF DENIMND PRIORITY

In order to formally analyze the performance of fire services, it is necessary

to have a rationale for allocating services (or response) to demands. Some responses

are quite automatic and not determined by objective appraisal. These are largely the

responses that occur immediately following the receipt of direct effects of the

detonation. But it can be assumed that within a short period of time the responses will

become organized and controlled in a way that is determined by a rational process of

appraisal and decision making. While the decisions may be based on inaccarate

appraisals, which in turn are derived from incomplete (or erroneous) information,

certain basic rules will consistently govern the choice of action. Therefore, in both
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specifying the logical demand/response actions and evaluating the effectiveness of

performance, a realistic ranking by importance of the objectives is needed.

Categories of Demand

There are four broad categories of demand encompassing all possibilities.

These may be described as follows:

1. Protecting survivors by neutralizing or removing the threat

2. Protecting resources by neutralizing or removing the threat

3. Removir.; survivors trom threats that cannot be neutralized

4. Removing resources from threats that cannot be neutralized

The threats, as we have seen, are of several kinds; but because of the specialized

capability of the fire service, fire is considered to be the threat of primary concern

to the fire service. Therefore, the primary function of the fire service in (1) above

is firefighting wherever people's lives are in jeopardy because of fire, and in (2) it is

firefighting to save property threatened by fire. The latter will ordinarily be a

byproduct of (1) except in cases where a resource is so vital to survival as to warrant

special attention or where there are no lifesaving demands. Many of the actions

included in (3) are properly termed rescue, but this category also includes the broader

concepts of evacuation and remedial movement. The actions in (4) are rarely expected

to be performed by anyone, much less fire-service personnel. Exceptions, such as

removing food stuffs, medical supplies, and other survival goods from stores,

warehouses, and hospitals threatened by fire, might be performed by civilian

volunteers at the direction of civil defense authority. For the most expedient use of

professional manpower, the role of the fire service in (4) should be limited to forecasting

the threat and apprising the higher echelon authority of it. The refore, the demands

which will require most of the action by the fire services are in categories (1) and (3).
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It might be morv acc-.,-.r tht:, rv .er to their actions as rescue. evacuation

support. and fire-izhtin, , ;---- r;--,-s. ;-ith .{a r.az- crrroi bem-z pinmarilv

a biprodic' of tti--r e" ". 1,Ve hate .irr.- it ; ;. . h .o-gical anf.. analvyicaly

convenient to ;istn.uish ac-i -t-s -,; tie L-e services -Ohici are casuLdal-Iimiting

from those which art. :- :ian.. e-!irsihi. er than -o disinguish rescue from

damage control. Thus all fim-:i4minx actions -Ahich. .-enove a threat to the surviving

po.lation. as ;,.ell as resc*e an ev-,-acuwicei activities (,Ahch remoye the survivors at

risk from the threat). are taken togethe: as cas-i ty-limiting activities, and their

payoff is measur-, iirctiv in ad-.k - sur-,-ivcrs. By the sa-7,c token, any actions which

remove a threat to resourcts a.d vice versa ,.ithout directly influencing the immediate

survival of the .oopuation., are conside rei, eparately as damage-limiting activities.

Allocation of Demand Priorities

The principal responsibility of the fire services is the protection of survivors

of the direct effects of the attack who are in immediate jeopard)y from one or more of

the residual hazards. such as fire. local fallout, or imminent collapse of blast-

damaged structures. Because of their specialized raining and equipment. the fire

services generally stand i.- a better position to provide protection from fire than

from the other hazards. but they have the capability to deal successfully. in varying

degrees. with all threats to human life. Part of their primary obligation is to

rescue and implement the relocation or evacuation of survivors from situations which

are. or are like, to become. untenable because of the fire threat.

Their se- , -dary obligation is to protect the lives of survivors from longer

range threats and to protect and maintain life-support facilities and resources.

Longer range threats include the spread of fire from adjacent or remote areas. fallout

from distant detonations. and entrapment of survivors so that they cannot obtain

necessary sustenance and medical aid. The life-support facilitmes inclurle Iallout

shelters, fire-safe open, areas. multipurpose staging areas. hospitals. etc. Life-
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support resources include medical supplies, food. water. and vehicles for evacuation

and remedial movement.

Lastly. the fire services have a responsibility to save property, notably that

which may be needed for long-term survival and recovery. This category includes

food and water supplies, shelter from the natural environment (e.g., homes,

apartment buildings hotels, clothing and other fabric supplies) fuel supplies, essentia!

transportation. and essential utilities.

As indicated previously, both the -!emands and the feasible fire-service responses

to them are contingent upon initial damage and continuing threats. A small number of

representative threat contingencies can be derived from a set of operationally distinct

situations, such as the basic operating situations of Ref. 1, and for each contingency a

priority listing of feasible responses can be established. This would be a worthwhile

objective of additional research.

Measures of Performance

The ultimate measure of performance is added survivors. All of the activities

of the fire services, however, do not directly result in added survivors, although the

basic long-term motive of any response is to increase survival; and property saved,

either intentionally or as a byproduct of a lifesaving activity, should be considered as

additional perfoimance. In terms previously introduced, casualty-limiting activities

may incidentally result in property saved, wherea; damage-limiting activities are

motivated by the recognition of a need for protectin" life-support resources for the

immediate and long-term survival of the population. Some immediate survivors of the

direct effects of a nuclear attack wi'l be so severely injured that their prognosis for

recovery is low, and any effort given to saving their lives from imminent danger might

appear to be unprofitably expended. The fire services will act in such matters on the

basis of general or specific guidance from higher authority. On the other hand, in

evaluating performance, added survivors with a favorable prognosis for recovery
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must be weighted more heavily than those which will probably die of their injuries.

A method of weighting %%as developed in the previous section of this report.

The foregoing factors do not complicate the evaluation of performance until

comparisons are attempted between alternative accomplishments for the purpose of

choosing the more effective system of response. in other words, performance can

be simply expressed in terms of the subtotals of survivors added and resources saved.

THE FORMALIZED PERFORMANCE MODEL

In this subsection we present the basic concepts from which a formal model of

fire-service performance could be developed. We conceive of the model as being one

which could be either manually performed or programmed for machinc computation.

In general, operations which can be done routinely by hand can be readily programmed

for digital computers. Our approach has been to construct the model with the manual

operation in mind, while remaining aware of its possible conversion to computer

format at a future date. The model is intended to accomplish the following:

1. Predict blast damage, initial fires, and casualties due to weapon

effects.

2. Predict fire distribution with time as a measure of threat to the

surviving population and resources.

3. Estimate changes in fire threat resultiug from fire-service activities.

4. Provide a basis for changing tactics with changes in threat/demand.

5. Estimate conditions corresponding to uncontrollable fires as criteria

for evacuation.

6. Estimate losses in initial survivors from abandonment and exposure

to extra shelter hazards during evacuation from untenable fire situations.

7. Estimate additional survivors and resources saved by the actions of the
fire service.

6-5

I.



UT ne 673-3

Basically the procedure is to simulate an urban complex by describing in

appropriate form the characteristics of the urban area which are significant to, or

can be modified in one way or another by, fire-service action. This requires two

levels of detail: (1) broad generalizations required to describe the overall damaged

target and (2) fine-structured descriptions of relatively small areas of operation.

The distinction between the two, both in characteristics and application, will be made

clear in subsequent discussion.

Performance is measureA by the differences in casualties and resources

destroyed between a "no-action baseline" and as estimated for the various forms of

fire-service action. Therefore, the performance model is basically a "perturbed

damaged-target model. " but, as we shall see, it is not neressary to describe the

entire damaged target in detail. In fact, a great deal can be learned about fire-service

capabilities from studies of their performance in small "isolated" segments of the total

urban complex.

It "- convenient to divide the performance model into several submodels. The

first of these is an overall damaged-target model. It is not within the scope of this

project to develop damage-assessment procedures, but the output requirements need

to be specified so that in choosing from existing procedures a compatible method will evolve.

The purpose of the damaged-target model is to provide a complete picture of

(1) demands for fire services -their kinds, numbers, and locations, (2) degradation

of the fire service - its personnel casualties, losses in equipment, and losses in

necessary resources (especially vater supplies), and (3) obstacles and impediments

to fire-service response. To keep the input detail and damage-assessment effort

within bounds consistent with the needs of Lhe problem, the simplest practical form

is used as a starting point, with characteristics and detail added only as required.

The simplest form of a damaged-target model that is satisfactory for fire-

service analysis is one that broadly describes structural damage by blast and fire,

that is, one that displays zones of (1) total destruction, (2) significant structural
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collapse ai heavy debris, and (3) light blast damage: and presentz for each zone.

both initially and at intervals of time. the distribution of fires expressed in terms

of the fraction of structures activeiy burning and burned out. To assess damage with

this limited level of detail, all that is required is a descriptin of the urban complex

in terms of land-use areas and general building construction types and an "overlay"*

of weapon-burst characteristics.

A considerable simplification in the damaged-target mo-lel can be achieved

while retaining utility by making use of a set of basic damage categories similar in

form to the various basic operational situations described in Ref. 1. Although this

does not replace the need for damage assessment procedures. it does provide a set of

distinguishable operational situations for which se,,arate submodels must be

constructed. For example. there are several qualitatively different transattack and

immediate-postattack environments, described in Ref. 1 as HIFMRE, LOFIRE,

NEGFIRE, HIRAD. LORAD, and NEGRAD, which in combination with one another

form a set of nine categories representing recognizable. operationally distinct

situations that could exist following nuclear attack. As they apply to fire-service

operations. some of these are redundant. Some of them are subject to change from

one to another and should be modelled accordingly. However, only a few chaaiges in

state with time are logically allovable or operationally significant. As a restu-t,

there is a small number of operationally distinct situations that require mcdellng.

The description of the model to this point has purposely neglected the population

distribution and the disposition of fire-service forces. because it is desirable to treat

both of these as variable initial conditions and because once they are specified, those

portions of the damaged target which must be described in greater detail are thereby

specified.

*The term overlay is used in the figurative sense of applying weapon effect contours to

a map of the urban target. This is a perfectly satisfactory manual procedure, however,
and has a machine analogue in a program which makes use of "cells" whose coordinates
and characteristics are enumerated as input conditions. (See, for example. Ref. 35.)

6-7



U. a 8 673-3

In concept the model can be applied to either a wvarned or an unwarned

population. We will concern ourselves only With warned postures of which, at the

present. there are basically three kinds -the NFSS, the warned-resident, and the

movement-to-shelter postures. The deployment alternatives for the fire-service

forces are many. but basically they group into two categories -those which are

consistent with the "inside-out" concept of operations and those of the "outside-in"

variet'-.

The fire-service employment can be simulated at various preattack levels of

manpower and preparedness and with a variety of strategies. As limited by the scope

of ihis study, we consider only current (or typical peacetime) levels, with the result

that the cost factor remains relatively fixed. Strategies are those for preattack

warping, with the assumptions that choices of tactics for specific demands are clearly

established beforehand as a set of contingency plans and that responses to demands

are automatic and correct.

Whereas the number of possible strategies that might be employed by the

fire services is veiy large and highly variable, intuition suggests that a few basic

strategies adequately describe most situations, that is, they encompass the major

effects of strategy on performance. Example strategies are as follows:

0 Concenti ate on lifesaving (mainly relocation and rescue) activities,

with firefighting done only as incidental to saving lives.

* Fight fires from "islands of resistance," which consist of selected
buildings or clusters of buildings that serve as personnel shelters

or that house critical resources, for the purpose of protecting

the contents of those buildings.

0 Fight fires along certain perimeters to limit and/or prevent spread

of fire.

• The appraisal of demands is assumed to be based on "perfect" information, that is,

accurate in detail. It may, however, be limited in scope, e.g., local and current

information only.
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0 Use elements of the general untrained population. in conjunction

with small. mobile, lightly equipped brigades of professional

firemen. to extinguish initial fires while they are small.

0 A mix oIt two or more of the above strategies.

The next step to the procedure distributes the population over the simulated

urban complex according to one of the warned postures and calclates the initial

distribution of casualties and its changes with time through the early postattack period

and on into the late postattack or recovery periods to provide a "no-action baseline"

from which to measure fire-service accomplishments. Such a procedure has previously

been proposed and the concepts developed in a recent URS report (Ref. 35) as a way of

evaluating the effectiveness of support-systems countermeasuies. For the problem

at hand, however, a comprehensive inventorying of casualties over an entire urban

target seems unnecessary. With the limited capabilities of existing fire services, a

large part of the "baseline" toll in casualties will be unaffected by their best efforts.

Since we are only concerned with survivors as a result of the activities of the fire

services, and not with total numbers of either casualties or survivors, we need only

consider that part of the population which will be directly affected by fire-service action,

A simplifying aspect of the model, then, is that there are relatively few fire-

service units within a metropolitan area, and each of these units has a limited range

of operations, particularly in initially damaged areas. Therefore , the next step in

the analysis is to "deploy" the limited number of fire-service units to their preattack

locations, estimate their casualties, losses in equipment, and loss in mobility (due to

blast damage to mobile equipment and to debris levels in the streets of their locale)

and availability of water and other resources. Using these estimates, bounds can be

placed on the area and mode of operation of each surviving unit. Within each of the

bounded areas of operation, an enumerable set of demands can be 4scertained from

the conditions of the attack and the detailed characteristics of the area. For example

it will be necessary to know which buildings have large concentrations of survivors
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(locations of fallout shelters) %%hich buildings house vital resources (we would expect

the fire-service units to be in or near these at the time of attack for the "inside-out"

deployment), where the major fire breaks and major routes of travel are, which

buildings have fires, and what the number and distribution of these fires are. Needless

to say, the information requirements for these areas of operation are much more

stringent than were those for the overall damage assessment.

In applying the model, eesponses are determined by the priority order of the

set of demands which are ordered in relation to immediacy of the threat and numbers of

survivors at risk, with dircct threat to life always of higher priority than threat to

survival resources. Thus a hazardous fire in an occupied shelter structure would be

a higher-order demand than a fire within the same block as the shelter and it, in turn,

would be of higher priority than a destructive fire in a medical-supply warehouse. *

Guidelines for the ordering of demands were given in an earlier part of this section.

The set of demanus will of course change with time.

For each member of the set of demands for the operational area there is a

corresponding response. Each response is divided into a travel time and an activity

time. Within the operational area there will typically be more than one demand having

the same priority. For such cases the one with the shortest travel time would be chosen.

Thus the demands would be serviced in order according to immediacy of the threat,

proximity to the fire-service unit, and potential payoff in lives saved; and the performance

of the fire-service activity would be measured as a function of time in terms of the lives

and resources saved through successful response to demand. The compatibility of these

concepts with the queuing methods of machine computing are readily apparent.

• This method of ordering demands works best for the situation of a fire-service unit

in the midst of a fire-im'olved area. We can conceive of cases where abandoning some

shelters to an immediLe threat to bold a fire line would have a greater long-range

payoff. This is a basic consideration in the choice between "inside-out" and "outside-in"

strategies, whose evaluation is a principal concern in evaluation of fire-service

capabilities.,
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' fThe formalism of approach given in the preceding paragraphs should be

tempered by consid erations of reality and a generous measure of common sense. We

know, for example, that in emergencies of the sort we are attempting to simulate fire-

service units would not respond in a completely logical or orderly xay. partly because

they would not have all the iiformation necessary and partly for reasons of human

error. There appear to be compenisating factors, hoxever. Consider the extreme

examples of a fire-service 'nit located in an area heavily impacted by weapon effects and

another located outside of the area of initial effects. The first would have lost some of

its organizational structure and possibly all communications with the outside, but the

demands on it should be rather obvious. The second would be uncertain, initially, of

the nature and location of demands to which it should respond. but it would retain

undegraded facilities, including mobility and communications.

CASE STUDIES

Results of this study to datc point to the desirability of a case-study approach

to defining the special problems associated with different levels of initial weapon effects.

Such case studies could by themselves provide answers to the question-under what

conditions are fires uncontrollable by the actions of the fire services, i.e., when should

they give their full attention to rescue and relocation of survivors? Beyond that they

could serve as operational-area submodels fo- the formalized performance model.

The cases should be chosen to represent a range of effects from severe blast

damage and high fire incidence to no substantial initial effects. Important distinctions,

such as those between areas of different land use and between surface bursts and air

bursts, should be reflected in the choice of case-study conditions. As part of the

project reported here, two case studies were performed for the San ,Jose central

business district. The details are given in Appendix A.
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Section 7

RESULTS AND RECOMMENDATIONS FOR FUTURE WORK

Because of the nature of the material reported here, many of the findings

cannot be grouped into a "Results section without considerable ,-eoetition of material

which has gone before. Virtually the entire report represents a development of

concepts and methods which are the essential results of the study. With this in mind,

we will pre .ent here only those results which have not appeared to this point and then

discuss applications of the results of the whole project to future research and

operational planning, pointing out attractive approaches to additional research.

RESULTS OF CASE STUDIES

The case studies are described in Appendix A. An example central business

district was selected and its blast and fire response evaluated. Its populatin was

assumed to be sheltered, and the fire services were assumed to be deploy eJ, shelter

buildings. Two attack configurations were analyzed, viz., air bursts located at

distances from the central business district such that overpressures of 2 and 5 psi

would be experienced. These were chosen to be representative of controllable and

uncontrollable fire situations, respectively.

The first case study did in fact turn out to be one in which fires could be

controlled if about 10 percent of the sheltered population augmented the professional

force by applying prompt and effective self-help attention to the initial 1 s 4n the

shelter buildings and the other buildings within the same blocks as th d1ters.

According to the analysis, all of the other fires in the area could be ex ,uished (to

the point where firefighters equipped with hand-operated devices - either the excess

fire department personnel or nonprofessionals - could successfully overhaul the

residual combustion) within less than an hour and a half following the detonation.
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Ater this period, mobile equipment and crews colld turn to the job of holding fire

fronts nearer ground zero.

In the second case study, the fire situation that develops within an hour after

detonation has many of the earmarks of a firestorm. Regardless of whether it closely

re3embles the Hamburg fire, it is clearly uncontrollable, and virtual:. -he entire

sheltered population would 'rove to relocate. The decision to relocate 'xuld probably

be made within a few minutes following air blast arrival, but, according to a recent

analysis by Condit (Ref. 36) of the evacuation of the same area in the face of an untenable

fire threat, some parts of the area are too remote from safe refuge for the threatened

population to effect escape before the fire environment in the open becomes too hostile

for survival. * If this were so, the fire service would be of little aid in a situation

where water is unavailable for providing protection to the refugees and debris levels

are so high as to prevent vehicular mobility. On the other hand, considerable safety

from fire would be afforded by the parks and open spaces of the area if a more

conventional area fire developed. The fire service equipped with hand-operated devices

could perform effective activities in connection with remedial movement to these areas

and protection of the areas from fire spread.

Both cace studies indicate deficiencies in the analyticai methods used. Methods

are required for estimating fire-spread probabilities for distances between buildings

which are greater "han dimensions of buildings and the rate and likelihood of spread of

fire through contiguous clusters of buildings. The corresponding fire-control activities

and their analytical performance relationships are also needed. Lack of reliable

information regarding the basis foi predicting formation of 'irestorms and on the

characteristics o the environment they create prevents us from assessing the habitability

and fire security of potential refuges in the midst of uncontrollable area fires.

This assumes a lamburg-like firestorm, and we have some serioi,' reservations

about the justification of this assumption.
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and uncontrolabw :re e it oA - an uraiu--ous 'defixnition oi

these situations ?,_c-a.s tr.e.-v- so differe!. .r0oM on- 2Mo1)-r. TD- 5-psi case Was

incontroliabie for a ror oi .'n,.s. an- one one 0-Ahich by itse'f mighl be enougt.

The 2-psi case migbt b- csierow .. ar.'- c trolak- be-cause its o'tcome

depended heavily on the levei of t.ontro elfort. esovecialy on self-help response. In

spite of this. woe can concluo,!e *,at fires in an area o the sort stwdied uojid have a

threshold of "inh-rentiv uncontroi!able " five somewhe.- betveen 2 and 5 psi (for the

gien conditions of attuac and that this threshold is r-'otablv much nearer 2 psi than

5 psi. In fact., the priicip!:,s 'i" ustrated, in Fig. 3 su-est that fires in a heavily bui!t-

up area may be beyond control capability at a distance where as little as about 20

percent of the structures are initially ignited. For the conditions of the case study

this would be about ii. 7 nniles from grounc4 zero or abeut where overpressures of

2.4 psi would occur.

.PPLICATIONS OF RESULTS OF THIS PROJECT
AS GUIDANCE TO OPERATIONAL PLANNEG

The results of this study support the views advance,, in Ref. 1 that (1) the

overriding constraint on emergency operations in an urban environment following

nuclear attack is fire and (2) planning for emergency operations must be contingent

upon fire controllability. Since the distinction between controllao!e and uncontrollable

fires will serve as a basis for decision about critical operational o'-jectives and tactics,

not only for fire services but for all other emergency services as well. the need for a

re' 11)le. operationally effective definition cf controllable and uncontrollable fires is

compelling. The current Concept of Emergency Operations (Ref. 1) is inadequate in

this respect. The tx\o conditions are simply described as follows:

CONTROLLABLE FIRES - Scattered fires subject to potential controi

-NCONTROIL\lI : FIRES - Many fires beyond control capability
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The distinction can be improved a little by adding the phrase *to the extent that most

of the population camn e protected'" to the definition of controllable fire, but we are

still left with the problem of predicting the magnitude of the fire threat and estimating

the extent to which its development can be affected by fire-se -vice action.

Whether 4n operational area is. or will become. an uncontrollable-fire area is

determined by (1) the fire vuinerability of the area (which can be ascertained in a

general %-ay before the attack), (2) the fire density and distribution after attack, (3)

the weather conditions, and (4) the level of effort and prompt response of fire-control

activity. The inclusion of the fourth factor implies that concerted fire-control efforts

applied promptly and effectively at well chosei, places can significantly alter the nature

of the threat. Therm is little doubt that this is so. and it is one of the objectives of a

stu.dy of fire-service capabilities to evaluate this potential. On the other hand, there

are fire situaions which are "'inherently uncontrollable" by any realistically conceived

fire-defense organization. These can be defined without regard to the makeup of the

fire defenses.

Grossly considered. there are two conditions of concern:

1. Conditions of high initial damage and high fire incidence that cause
the area to quickly develop into a mass fire (or firestorm) by nearly
simultaneous buildup of many initial fires and the rapid short-rangr.
spread of f;re from building to building.

2. Conditions of relatively light initial fire incidence in an area of high
fire spread potential (either inherently or because of weather
conditions) that is contiguous with (or proximate to) areas of high fire
incidence.

Guidance for the recognition and prediction of untenable situations can be

provided to operational personnel from the results of research into the effects of

nuci.-ar weapons and is, therefore, one way in which research can materially affect

the performance capability of the fire services, Unfortunately very little information

A fire of "high pov.er density" in the Dikewood ter-inolog. (See Ref. 3.)
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has existed until oaite rt-cent'% io- making a *rjlv general and rigorous e-valuation of

the urban fire threat on .- hch t(, es-alish operational guidelines. Criteria have been

proposed for preifictin~tr o (ccurrence of fireF-rn. but neither the criteria nor the

resulting hazards can ),e consid:ered to be lkno-wn w-ith I ghreliability. Ongoing studies,

such as those of Work Unit 2 :'-11 and 233I-C, are exwetedl to provide a reliable basis

for estimating fire inci lunce and spread. but so far the results are incomplete.

Presently available ,,.,a±ance is sunmmariled in this report (see Section 4).

Cont ingency ln for uncontrollable fire situations will have as their objectives

(1) the protection of io%--rJs7! buildiings and open areas from fire spread and other fire

hazards and 1-2 the relocation o., the surviving occurants of high-risk buildings, at the

earliest recognition ot 2n untenabie fire threat. to areas of greater safety from fire.

even if the ne-w ervironnient is radiologically hazardous.

in rea werefir: re taged to be capable of control. the objectives of the

fire services should be (IA) to suppress all initial fires that directly threaten the

sheltered population, miaking m-ax.imumr use of volunteer help. (2) to estabiA-sh fire-

defense lines at appropriate fire breaks: and (.1) to sup press fires that exceed self-

help capability, but only if they pose an imminent threat to the surviving population and

critical life-support resources. Again these objectives are to oe accomplishcz! even if a

radiological ha/ard is present. Only in cases %%here the fire threat is negligible will,

the radiological environnment serve to constrain fire-service operations. Within the

limitations of the radiolo-ical constraint, fire serv-ices in areas of negligible fir? threat

will aid areas of higher demand to an cxtent consistent with the maintenance of fire

securitv of their own area of jo'risdiction.

RECOMMENDATIONS FORlFiUl WORK

Most (.f the result.s reported here a,,e incomplcte or of an inte rim natui e. The

concepts of a formal nntI ho I fi cxaluating fire-sc twice capahi iit tes to pe rfo irm damage -

coot rol anl( re sclw funlutio(~n. iii( w lr enme r,_en ies flax- heen c-st ald!ishe Iand mannv of
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the performance relationships required for the method's implementation have been

derived. It is strongly recommended, however, that. before additional effort is given

to developing a highly formalized method of analysis, case studies of the sort described

in the preceding section be conducted to better define its purpose and scope.

Ongoing research in other OCD Work Units is generating the required technology

for delineating the factors that determine operational feasibility and fire-service demands.

The results of these studies should be translated into guidance for operational planning.

Notable among the requirements is the need for improved, unambiguous definitions of

uncontrollable fire situations that wil' permit reliable recognition and forecasting of

untenable fire threats to be made.

The performance relationships developed in this study can be applied to relatively

simple optimization analyses of fire-service operations. The extinguishment rate

concepts are particular!y worthy of note. Analytical descriptions afforded by the

equations developed during this research can be applied to determine the most advantageous

distribution of manpower and equipment when the demands exceed available resources.

1his shouid be pursued in follow-on work.
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-. Appendix A

CASE STUDIES

Two case studies are reported here* which were chosen to represent examples

of controllable and uncontrollable fire situations in a moderately heavily built-up

central business district (CBD). This appendix describes briefly these studies without

going into the details of analysis.

The urban area studied is the CBD of San Jose, California. The two cases

represent air bursts of megaton-yield weapons at distances north of the CBD which

would result in air-blast peak overpressures of 2 and 5 psi. Primary consideration

was given to the initial emergency period. Changes in the target environment at later

times were considered, but much more superficially. The current San .Jose emergency

plans were adopted insofar as they are applicable. A map of the San Jose CBD is

included as Fig. A-1. Portions of the area included in the studies are outlined and

the locations of shelter structures are indicated.

The study area is quite heterogeneous in make up. It includes a few tall

buildings and a large number of 3- and 4-story buildings mixed in with a dominant

number of I - and 2-story buildings. Structural characteristics and occupancy are also

quite varied. Wood-frame, masonry, reinforced-concret., steel-frame, curtain-wall

as well as other construction types are represented. Commercial and office-type

occupancy prevails, but there is a complete spectrum of occupancy categories, including

hotels, theaters, public buildings, churches, warehouses, garages. medical-dental

buildings, schools, banks, and stores. Streets are generally broad in comparison to the

heights of buildings, and there are several parks and other large open spaces. However,

the building density (as indicated in Fig. A-i) for the most part runs well over 20 percent-

up to nearly S0 percefr in one !)lock. Because of the varied building heights, exposure

*Additional information concerning the case studies is given in Rci. 37.
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of windows by thermal iadiation from air bursts such as those postulated for the

studies would be high in spite of the building density; and because of the building

density, it appears quite probable that a firestorm situation would result if a large

fraction of the structures were to burn actively at one time (Refs. 38 and 39). All

sheltcr structures appear tc have a high fire risk, either from direct initiation by

exposure to thermal radiation from the nit-tear fireball or from spread of fire from

neighboring structures (both in most cases): and the shelters, most of which are

lcoated in basement spaces, provide iittle or no protection from a fire that might

develop in the main structure.

According to current San'..J,:e emergency plans and the assumption that

sufficient warning time before the attack was available, the fire services would be

totally mobilized and deployed to shelters. The trucks, engines, pumpers and other

mobile equipment would be located in the street just outside of the respective shelter

buildings. It is to be expected that during the crisis period preceding the attack,

particularly during its later stages, the fire service personnel will have busied

themselves with implementing thermal-radiation and fire countermeasures, effecting

emergency shutdown of hazardous utilities and processes, and recruiting and preparing

volunteers for self-help firefighting roles. It is questionable how much of this

preattack preparation is accomplished. We have cursorily considered, wherever it

seemed appropriate, the probable consequence of implementing a substantial level of

self-help preparedness.

The immediate postdetonation response was assumed to be a search for, and

extinguishment of, incipient fires in the buildings occupied by the fire services and

their auxiliaries which is conducted prior to (but also as a part of) the initial assessment

of the controllability of the overall fire threat. No explicit assumption was made of

higher echelon guidance or coordination. Subsequent responses were ,hoser to be

consistent with the contingency plans (tCscribed in Section 4 of t.iie body of this report.

The amount and breadth of informaton needed for making a reliable judfgment of fire



V Jt 8 673-3

controllability may imply, in some circumstances, a dependence on communications I
with a centralized center of emergency operations having a broader view of the T

developing fire sitation; however, for the cases studied here, we conclude tha an

adequate fudgement can be made by the isolated unit commander on the basis of first-

band obeervatiop. The basic decision is whether to stand and fight or to relocate the

surviving population while movement remains feasible. A major simplification in

these studies derives from the fact that there are no radiological complications

imposed by local fallout.

In both of the cases studied, estimates were made of (1) the numbers and kinds

of casualties resulting from blast among the general population (assumed to be entirely

sheltered), (2) the casuaity loss of fire-service personnel from blast (assumed to be

in the same proportion as the general population), (3) the damage to fire-service

equipment by blast, (4) the damage to water supplies by blast, (5) the overall debrib

levels in the streets, (6) the number and location of initial fires (both significant and

insignificant) in the shelter buildings occupied by fire-service =its, (7) the general

initial fire density, and (8) the growth and spread of fire in the area (assuming n)

control). This provided a measure of the treat, the corresponding demands, and the

degradation of fire-service capability to respond to the demands.

CASE 1 (5-Mt-Yield Air Burst, 2 psi Overpressure)

This case was chosen to represent a eituation of potentially controllable fires

because (1) blast damage to buildings is slight, (2) debris levels in the streets are

very light, (3) initial fire incidence is )ow, (4) damage to firefighting equipment is

not significant, and (5) the water supply for firefighting is uninterrupted (although

there may be some loss in pressure).

By means of the casualty curves from Section 5 of this report, the survivors

and their condition may be estimated. Application of the same casualty rates to fire

department personnel yields the number of usable firefighters. The number of initial

A-4
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fires in CBD shelter buildings can be estimated. Characteristics of ignitable fuels

were assumed to have the 'class-ave:age " properties of the survey data taken in

Work Unit 2538C (Ref. 122. From the previous graph of vehicle damage, it is seen

that at 2 psi, the fire department vehicles will experience light damage at the very

most, with b-oken glass from rindshields being the only notewortLy problem. Al

vehicles should be capable of being driven ani operated without delay. Debris levels

in the streets are estimated at 1/2 in. or less.

Owing to the small number of initial fires in the shelter buildings, the firemen

can .uite easily handle all fires in their own shelters prior to 18 min after the attack

(the average room flashover time) if action is taken immediately and self-help team

tactics are employed. Even if nonprofessional self-help teams were not present in

the other CBD shelters, the firemen would be able to travel to these shelters and

nandle the initial ii .- , either on a self-help or brigade basis with no difficulty.

After initial fires in the shelters have been extinguished, the next consideration

is for spread fror., neighboring buildings and across stree.s. By employing nonprofessional

volunteer self-help teams (assuming no more thatn 10 percent of the survivors could be

used) it appears likely that initial fires could be controlled for ali buildings in the block

where each of the shelter buildings is located if such action %ere initiated immediately.

Without this, a serious fire threat to the shelter would result.

There are 22 shelter buildings in the CBD study area. Eight of these experienre

potentially significant fires. Therefore, the fraction of shelter buildings with significant

fires is 0. 36. On this basis, the fraction of all buildings in the general CBD area with

significant fires should be something less than 0. 36, since the shelter buildings are

generally taller than the average buildings and thereby have more exposed floors and

rooms.

The initial fire estimate includes both significant and insignificant fires, that is, those
which are expected to generate a destructive fire and those which will burn themselves
oat without developing irto a destructive fire. The distinction is based on the results
of th . 're surveys of Ref. 12.

'-5
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McFarlane (Ref. 40) has reported the percentages of buildings and storiez

exposed to thermal radiation for various angles )f elevation of the fijeball and for

various building heights. With these data (for the CBD of Toronto, Ontario, which do

not appear to be grossly different from San Jose), a fraction can be derived which

relates the exposed btories per buildin, for the general San Jose CBD (based on an

average building height of about 3 storine) tv the exposed stories per building for the

shelters only. Application of this fract.on enables us to obtain a fraction of 0.13 for

the general building population with significant fires in the CBD area.

This result can be extrapolated uith distance to provide an initial-fire distribution

: rl r CBD-like areas. This is depicted in Fig. A-2. This figure sLous both the fraction

3P buildings on fire and blocks on fi-, arsuming a random distribution of initial fires.

.,ae curve for blocks is derived for blocks containing 15 structures each, which is

roughly typical for the CBD study area. The result is not sensitive to the uuwber of

buildings in the block as long as the number is large.

For the 2-psi-overpressure case (lorizontal range of about 12-1/2 miles)

Fig. A-2 indicates that 80 percent of the b.:cks will experience at least one significant

fire. This corresponds to about 30 to 40 percent with one fire, 30 to 40 percent with

two, and less than 10 percent with 3 or mote.

After extinguishment of all of the ini ial fires (using self-help tactics) in the

blocks contaning shelter buildings, the next fire problem originates in the remaining

10 or so blocks of the CBD without shelter bi-ildings. We estimate that these blocks

will have a total of roughly 15 initial fires. '"he fire-service units with self-help aid

could handle initial fires in their own biocks in the first 15 min and travel to fires in

the other blocks in about 10 min. By this time, most of the fires will have gone beyond

room flashover, and professional firefighting activities will be required for extinguishment.

The five pumper units in the CBD have, therefore, an average cf three fires each to

handle.

The worst case is for the unit having tL-! smallest capacity pumper (an output

A-6
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of 750 gpm). Based on the results obtained in Section 5, this represents an extinguishment

rate of 750/0.4 or 1875 cu ft/min. Using this extinguishment rate and an initial flashover

volume corresponding to the size of one average room in the CE- D. an upper-limit

estimate for the time required for control of the fires can be calculated. This indicates

that the first fire could be controlled in less than 5 min (extinguishment activity starting

25 min after the attack or 7 min after flashover of the initial room). Allowing a full

5 min for control and 10 min for travel to the next fire, the second fire would require

ab~t 7 min for control. With another 10 min for travel to the last fire, the control

time for it would be about 22 min. All of the fires in the CBD can, thus, be controlled*,

even using five pumpers equivalent to the smallest capacity pumper, and the last fire

would be under control within about 80 min after the attack.

'The only remaining fire problem for the fire services would then be to prevent

any fire L-ont which might develop outside the CBD from entering the area. This could --

best be accomplished at a wide street where the five available pumpers (total capacity

of 4750 gpm) could be employed using exposure-control medaods, to hold a long defense

line. We have not been able te complete an evaluation of the capability to handle this

threat within the time available to complete the contract. The practical view of a fire

department's capability to hold a fire line of this sort is given in Appendix C.

CASE 2 (5-Mt--Yield Air Burst, 5 psi Overpressure)

This case was chosen to represent a situation of uncontrollable fires because it

was anticipated that (1) debris levels L1 the streets would be quite significant, (2) initial

fire L-icidence would be high, (3) damage to firefighting equipment would be significant,

and (4) the water supply for firefighting would be interrupted by a general loss of

pressure, certainly in the area considered and probably over the entire city. (See Ref. 41.)

*All of the pumper -controlled fires are assumed to undergc subsequent final extinguishment

and overhaul as a result of self-help firefighting.

A-8



I tR 8 673-3

Survivors and their condition (for the CBD shelters) can be estimated as in

Case 1. The numbers of useful firemen and initial fires may also be estimated for

the shelters with assigned firemen. Due to the large number of fires, the activities

of the firefighting units were expected to be limited to the shelters they occupy.

Accordingly the number of initial fires was not estimated for shelters without firemen.HFor the 5-psi-overpressure region, all fire vehicles will experience moderate damage.

Although some of these vehicles c3uid be repaired to permit operation, it is estimated

that from 2 to 4 hours would be required for repairs. Since the water supply is gone

and debris levels are fairiy high (avez.ge of about 6 in.), the pumpers would be nearly

useless for firefighting.

With the fire-service personnel acting with no moiv capability than trained

firefighting brigades, they would be able to extinguish all of the initial fires in only

one building prior to room flashover. Since water for firefighting is not available,

virtually all fires developing beyond flashover are uncontrollable and will spread until

the building is consumed. By the use of e.-ough volunteer self-help teams, the initial

fires could all be extinguished before room flashover. The number of volunteers

required for this effort ran as high as 12 percent of the uninjured survivors for one

shelter.

Whereas it appears possible to handle the initial fire situation in the shelter

buildings with ample self-help volunteers, subsequent effective fire-control activity

will be very limited. Due to the high frequency of occurrence of initial fires, the

shelter buildings will no doubt all be threatened by exposure from other burning

buildings. Since the water supply is interrupted and the fire department pumpers are

not operable, fire-service personnel will be unable to control spread of fire from other

buildings. The result will be that most shelter buildings will ultimately be ignit"

and burned in spite of self-help firefighting actions. The most profitable activity for

the fire services appears to be in indicating the need for evacuation to safe refuge from

the fires and in aiding tbe evacuation of personnel,

A-9
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Of the shelter buildings in the San Jose CBD, the San Jose Civic AuditGrium

appears to be the only structure which is potentially an "island of safety" with regard

to fire spread from its neighbors. It has one building adjoining it, but no other sizable

structures close enough to present a threat. Self-help teams should be able to handle

initial fires in the auditorium and adjoining building to provide a structural complex

fairly safe from ignition by other buildings. The structures may still be vulnerable to

ignition by massive firebrand attack or by a fire-Etorm environment.

It does appear that a majo, portion of the CBD may become a mass-fire

area. Most of the San Jose CED has a building density exceeding 20 percent, a fuel

density of 8 lb/sq ft of fire area or more, and a total area with this fuel loading exceeding

0.5 sq miles. Certain of the interim criteria (Ref. 38) for predicting firestorms are,

therefore, met in this area and a firestorm is potentially possible.

Referring to Fig. A-2, it can be seen that at least half of the buildings suffer a

significant initial fire. Our analysis indicates that within an hour nearly every building

would be actively burning. Thus all of the interim firestorm conditions of Ref. 38 are

met. No realistic amount of fire-service activity (even augmented with the total surviving

population) would have the slightest chance of controlling this fire.

A-iO
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Appendix B

I URBAN PLANNING AND MUNICIPAL ORGANIZATION FACTORS

A general review of pertinent urban planning and municipal organization factors

which appear to have significant effect on fire-service capabilities was performed. InI tthis review each factor was examined to determine the method of implementation, the

research required, the peacetime value, and the civil defense value.

The results of this review are presented in Table B-1 and are broken down intoIf.- the specific areas investigated, such as streets and parks, fire hardening measures,

I-- energy and fuel utilities, etc.

-.1I -
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rys673-3

cc a

caa

.11
-a ~~L w~ t ~ CS -

C ~ A ~ A S. 6

A -Z. ji, al w

O1 11 2 a

.0.0 .

~a S

a~ 0

-6 C
0 Cr

14 -o 1-,

04 0

.0 CL

S..a0 a~

0O I ~.c.
r

v, -- aa.

.19
*0 -~ C %

a a~a taB-2



U ItS 673-3

p.

ii I- 'L2: 1

II a:
c Z

B-,.3

-- -3

4J
2



U It 673-3

4C 0

I 4



I.
ii
jil URS 673-3

Ii: I

~iJ -
I- *

* -
a j

Ij~ !a Ii:~ ~ II
- E ; I
~E I --

7. 
S _______ L

i~I! -~=ii r I ~:
I --

I ~- j '-.~i
~-~

"F- I .~ _____ _______ . L-I~
a, ___ 

____

Ii..
'-I

H -~.* r-'-'L--i'-4

-~ 
I

F-. 
- t t -

_ I:
- - r

---.7 
I~ -

I 
- -

.4 4 ~ ~-

Ti ,tl 
I E

~ I 

El

1- . -c -, -

* 

I- 
'~

.1 

4 -' a

t I, -

--

-~ ~-

I -. -7 C

i. = ~lt

-- _________ I ___________

B -5



U SL8 673-3

- C

5,-

-- X

ca.

3- -2

I,,

% -
1

z 60 . *-
55.0 c a cc

LU~~ 'o -

B-6-



U t 8 673-3

A T1
I1Z

r. a
0. fi.

] I _ ---

.1 - L

I] : -

-

05

'-4 c

II

'I .-t



I;

UR.B 673-3

£

I
I .

I II
'S.

I II

5
CI) ~
0 5

S S £
I-I ' '

I V I

4.: ~ S.

01.4 - -~ 55-I
.j4~

rz.
.0 Z 1.2 I

.1 5

z
'-4.1 S S - U 5-

~zJ S -~ S S

* 1 2' ~

1~ C SC
- -~ --

-- ,L= *
~0.~

I C

S. S
5- 5 .,-.~ --I -

C ttU

C '5

C.I X
5  

~..

~ I~ ~ ~ C,~
-t '1~

.1 ~ *~ ~ -

8 ~ C

-~ *A- .~

C.

* B-B

'C



I

11 UR8673-3

T -I.1 ir. II j
1

-i __ji'__
____ I ____

I '1.1 -~

Ii ~ I
I.]

.1 I

I]> II

I -~ .~ - V__
C')

11..

I V
Ij~ -

1,
II
~I I
11
ii ____________ 1
.1

___ - ~ ____-II
-1

B-9

i I



I-. U 8 673-3
I.!

'Ii Appendix C

A FIRE DEPARTMENT'S VIEW OF ITS O'Vi,. CAPABILITY

Early in 1966 the Office of Civil Defense queried the fire department of San Jose

concerning its anticipated response and performance following a specified nuclear attack.

Chief R. J. LeBeau and his deputies prepared a tactical critique in which they detailed

their planning and expectations. Although the fire picture was not so well-established

.1 then as it now is, we feel that Chief LeBeau's critique is still of considerable interest

to those concerned with the planning and conduct of fire department operations in

* nuclear emergencies. The statement of the problem, as presented to Chief LeBeau

by OCD research, is not reproduced here. Certain of the assumptions contained in the

problem statement serve to clarify the response and are given below. It was assumed

that:

1. There is no radioactive fallout in the area.

2. Only the single detonation affects firefighting operations in San Jose.

I3. The water pumping and electrical power stations remain operative.

Portions of Chief LeBeau's response are reproduced below with his consent, *

The maximum wind listed on the days designated are for short
periods. The average wind for each 24 hour period or for each six
hour period in each 24 hour period would make it easier for us to
project the speed of the fire and the placing of our fire equipment.

The average wind velccity for August 1963 was 5 M'?H from the west
which we have used for the problem.

The attack on the date and time (Thursday 24, August 1965,
I 8:52 PM) specified would find the San Jose Fire Department pretty well

organized. San Jose had been in Redcon One (1) for two days. All

*Letter of consent; Chief R. LeBeau, San Jose Fire Department, to D. B. Wallace,

dated Dec. 6, 1967.
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Firefighters would be available for duty and we would be at 1G0%
of our effectiveness. We would also need to know how much out-
side firefighting aid we could expect and how soon we could expect
any aid before we could effectively set up our fire defensive lines.
Without additional aid, with the fire conditions you describe, we
would be hard pressed to save 1/2 of the city. We have not figured
on any outside aid except for the City of Santa Clara which could not

defend itself but would have most of its fire equipment undamaged.

The firefighting force of San Jose is 369 men. There are nine
District Chiefs, 83 Captains, and 250 firefighters on the line. The -.
rest are overhead personnel. We have seven ladder companies and

twenty-two engine companies in service at all times. On Redcon #1
we would also put the seven reserve engine companies in service
which we call. "Reserve #1 through Reserve #7". This would give
us a total of 29 engine companies and seven ladder companies. In
addition we would load availablu pickups, flat beds, trucks, trailers,

etc. with the spare hose and run one '"hose wagon" with each engine
company giving the engine companies more than 100% more fire-
fighting ability when necessaiy manpower is added. Any physically
fit man can fight fire so that two "laborers" will be assigned to each

firefighter, for direction, which will basically give us 750 pro-

fessionally directed firefighting personnel who can effectively be
commanded by the 83 Captains and 9 District Chiefs of the depart-
ment. The city would be cut into districts with a District Chief in
charge. He would be assigned men and companies under his immediate
direction subject to the overall direction of the Chief of the Depart-
ment who would have the "whole picture."

As soon as the blast, fallout, and fire effects were known the
Fire Service would advise the Emergency Operating Center to
evacuate and move to the south and west all the people in the 18
shelter complexes located in the 8 to 12 mile radius from the bomb
burst. This would allow the Fire Department to concentrate on the
fires without the additional responsibility of protection of the large
numbers of people who would be concentrated in the shelter areas.

This is one of those problems in which not only the fire servir-e, but
all agencies in the Emergency Operating Center would have to coordi-

nate. If there was fallout from other blasts in the Bay Area, the
possibility of more weapons in the San Jose area and the general war
situation would have to be evaluated in a real situation, but for this
problem, with the single 5 MT weapon and no fallout, we would move
the bulk of these people in the shelters to the south and southwest of
the city or send them to their homes to help fight and prevent tires.

C-2
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You did not give the extent of blast damage but we feel that the
zone out from the blast for seven miles out would have all buildings
destroyed, highways and streets impassable, vehicles unusable,
overhead electrical power destroyed, and at least 30% of the people
killed. Very little of this area is in the city limits of San Jose. The
first consideration is keeping the remaining people alive and safe
from the fire effects. There would be some buildings destroyed
within San Jose with people trapped. Rescue of these trapped people
would be given a high priority but would have to be weighed against
the fire protection of hospitals, shelter complexes, routes of Uscape,

"] and the general firefighting. The seven ladder trucks, each with
twenty men, would be committed to light rescue work which should be

completed within a few hours.

The average householder would be able to put out fire in his home
with the help of his neighbors whose homes are not involved. In the
8 to 12 mile range one out of five homes has a fire started in a room
or two or on the roof. As there are about 30 homes in the average
300 foot by 600 foot block, this would give us 6 fires in each block
of this area. We feel that 5 of the 6 fires started would be put out,
while small, by the tenants. This would leave one fire in each
square block that would do one of two things if left without any pro-
fessional firefighting. It would burn itself out or extend to other
structures. One out of every two of these fires would burn itself
out with the help of neighbors protecting the buildings on each side
')f the burning house. This would leave one fire in every two square
blocks that would need heavy firefighting help from fj,-e trucks and
professional firefighters. We have tried to be conservative in this
estimate. The average person, in time of emergency, does more for
the protection of his own property than we are inclined to give him
credit for. The continued water pressure in the mains is the key to
this firefighting ability.

One tenth of the fire hydrants in San Jose are of the Ivet barrel"
type which would flow if knocked over and damaged. There would be
several crews (of two men) in pickup trucks assigned to the detail
of finding any fire hydrants which were knocked over and shutting them

off at the valve from the main. With this operation we feel we could

maintain at least 30 pounds pressure in the water mains. The City
of Santa Clara has its own water system so the damage to its water
system would not lower the pressure in our mains. In addition tie
San Jose Water Works has gravity flow from the reservoirs in both
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the east and west hills so that San Jose is not 100% dependent on £

electrical power for water pressure in the mains. Without this
constant water supply the fire service could not set u,, a defensive

line and hold it for any length of time.

The Water Conservation District maintains water dams on the
Los Gatos, Guadalupe and Coyote Rivers which are not normally dry
at this time of the year. We woald ask them to release water in

these rivers and have these rivers as an auxiliary source of water in
about 6 hours after they release water from the dams.

Overall fire service command would have to be established. By

this we mean coordination and cooperation with the cities other than
San Jose that are affected. Campbell, Santa Clara, Los Gatos,
Milpitas, and the Santa Clara County Central Fire District would have
to be coordinated to do the most effective job of fire protection of the
community as a whole. In the problem we have used only the men and
equipment of San Jose and Santa Clara Fire Departments as the other
departments would be busy with the fires within their own city limits,

We would ask the State Civil Defense Office for fire equipment
and firefighters from all other available jurisdictions as well as fire
retardant "bombers" from the California State Forestry Division.

This fire retardant, if available, would be used to coat the roofs of
structures on our fire defense line or to cut off the extension of any
fire front that was out of control of the firefighting forces.

If fire equipment of the City of Santa Clara was forced to drop
back behind our fire defense line their equipment and manpower could
be put to good use in the overall protection of the metropolitan area.

.1

With about 500 square blocks in the 8 mile to 12 mile zone San
Jose would have 250 fires beyond the capacity of the householders and

need of fire equipment and professional firefighters. This, of course,
is in addition to a fire front that would burn out from the 7 mile "initial
fire area" and would have to be stopped at our fire defense line. There
would be less than the 250 fires behind our fire line of defense as the
defensive line is roughly 10 miles from the weapon drop zone. However,

there would be 100 or more fires that would have to be considered and
coped with before we could consider our position on the fire defense
line secure.

In the 12 mile to 15 mile area we have one fire in each ten homes -

or structures. These fires would tend to be less severe and the house-
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hu-lers could put out 14 out of 15 of these fires while small. Using

the same ratio as above we would have one fire beyond the capability:2 of the householders in every nine blocks. As there are 700 square
blocks in this area we would have about 100 fires in this area that

would need professional firefighting and the use of fire equipment.

H As an initial line of fire defense we have chosen the Nimitz
Freeway, (Interstate 680 and Interstate 280) running from Oakland1< *to Santa Cruz and Junipero Serra Freeway (recently completed).

.! This is shown on the map* by a heavy black line. We feel that the
fire service could not cope with the severe multiple fires on the
"bomb side" of this line. We would fight the fires that householders
are unable to cope with in the 12 to 15 mile area and behind the line
established in the 8 to 12 mile area. This broad freeway could be
held from the fire burning out from the initial fire area.

A survey of the fire situation from a helicopter would be absolutely
2essential to establish and maintain our line of defense. We would not

only have to make this initial suirey by air but would have te continue

to survey the situation to prevent fire companies from being trapped

or otherwise to be waging a hopeless fire battle.

The main concentration of firefighting equipment and firefighters
would be on the fire line from Stevens Creek Blvd. to The Alameda.
This two mile area would be the hardest to defend due to the build
up on both sides of the freeway and to the west wind. We would be
forced to sacrifice every structure to fire and blast north and west
of the fire defense line. Attempting to move the fire defense line
toward the blast would place more severe fires behind our line.

We would commit at least 15 engines on the fire line in this two
mile defense line. The rest of the engine companies and firefighters
would be assigned to rear areas under a District Chief. With constant
surveillance from the air this fire force would be kept flexible and
able to concentrate on fire fronts jeopardizing our fire line, kmock
them down and move to another place of danger orn the fire line.

The foregoing has been background material for your specific
questions. In answer to your questions of "Initial Fire Area" after
the first half hour or one hour, all the built up area in the drop zone

to a seven mile boundary would be the initial fire area. No school,
major building or open area within this fire area, that is built up,

*The map mentioned here is not available for reproduction.
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would provide a safe refuge for people. The large open areas

around the bay and away from built up areas could be used as a
"refuge". However, these people would be suffering from the blast
effect and would need immediate help for their many problems.
They would be safe from fire but have some difficulty with smoke in
these areas. The initial fire area is marked; the end of a 12 hour,
24 and 36 hours are also marked on the map. The first 12 hour
(blast time to SAM) period would find the fires behind the fire defense
line small and with temperature dow- during this night period, humidity
up, wind down, and the fire fighting forces fresh with effective equip-
ment. The next 12 hours (8AM to 8PM) would find the temperature up,
wind stronger. humidity down, remaining fires larger, and the
efficiency and effectiveness of the fire forces starting down. Tnere
would be some break down of equipment on an ever increasing degree
during this period. The initial firefighting effort would be made
during the first 12 hours after the burst with an all out effort of men
and equipment to put out the scattered fires behind the fire defense
line. The daytime period of August 25th would see the fire front
extend more rapidly from the 7 mile initial fire area toward our lines
at which time fresh crews would have to be available to meet the
fire at the fire defense line. The "spot fires" behind our fire defense
lines would be taken care of on a "knock down and move on basis".
We would use large streams and when the fire was down to the place
where the householder could take care of the fire with garden hose
we would move on to another fire needing large streams of water.

The initial fire areas in the 8 to 12 mile area would be one (1)
fire beyond first-aid firefighting in every two square blocks. As
San Jose city limits and the fire defense line is, on the average, over
10 miles from the drop zone the incident rate of fires would be one--
half of that or one (1) fire every four square blocks. On a "knock
down move on" basis these fires, on the average, would require 30
minutes of firefighting by one engine and 15 firefighters. The longer
these fires would be let go the larger they would become and the longer
it would take to stop them. This 30 minute estimate for each fire is
based on the first 12 hour period.

There would also be some initial fire areas in the 12 to 15 mile
area and as in the 8 to 12 zone would require the "knock down and
move on" firefighting method. These would tend to be less severe
than the fires in the 8 to 12 mile area and we would have to say that
20 minutes, on the average during the first 12 hours, would be
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required to stop them. These fires would also tend to spread so
that the sooner we rof- at them he quicker the fires would be put
out.

The "fire defense n"he" dra-n on the maz would be flexible.
We could move up equipment and men in several areas past this line
but whez we move up past the fire line it must be remembered that

it will leave more fires behind our fire line. The fire defense line
was chosen because we feel that we can stop the .ire front at that
line plus coping with the fire at che rear of that line. We feel that
this line can be held. However, we cannot be positive that we can
prevent the numerous fires that are behind our line,; from extending
and forcing us to move our lines back to a secondary defense line.

Water to fight the fire is a prime consideration. As the freeways
described as our fire defense line do not have water mains on them
it is necessary to move hose up from the streets behind this line
to provide protection. It is possible that in an area that is clearly
going to burn to our defense line that we would "back fire" the
structures toward the fire front. Bulldozers would be used in the
same way to remove structures that may add to our fire problem on
or near our fire defense line. This defense line would be strengthened
during the period from when this line was first chosen as our fire
defense line and the time the fire burned from the general initial fire
area to this line. Back fires, bulldozers and ship loaders could be
used to widen this line to prevent the general fire area from crossing
to the west and southwest.

The initial fire area inside the 7 mile znne woul' be burned out
in a 12 hour period but would smoke for several days. The fires
started h. the City of Santa Clara would merge in the tventy-four to

thirty-six hours. The areas of fire would approach our fire defense
line, not all at once, but in first one area and then another and not
all in one mass of fire. By remaining flexible we would be able to
concentrate at the fire points that reach our lines, knock them down
or back fire to them and then move equipment to another area of
danger. The areas that were burnt to our line either through back
fire or burn out from the fire front would provide no further fire

problem and release the men and equipment which were needed in
that area to other line areas or to fire areas behind our lines. The
"fire front" from inside the 7 mile area would approach our desig-
nated fire line of defense within 24 to 36 hours after the initial weapon
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burst. All of the firefighting forces would be used on the "spot" "'

fires behind this defense line up until the time they were needed on

the fire front or defense line. This period would be used to evaluate

the situation and establish where we could establish our fire defense

line and still hold the fires in check in our rear areas.

The number of people leaving their homes in the 8 to 12 mile
area to the south and southwest would be considerable. Roadways

would become quickly congested and the bulk of people would be

forced to walk to safety. The fire department would keep the main

"escape routes" free from mass fires within our fire defense line.
The San Jose Airport would provide a safe, temporary refuge for

the people from the City of Santa Clara.

The people who are able to walk in the Sunnyvale area should
walk west. The Mountain View and Los Altos area should walk
south staying in the open areas. The weather in August would not

cause a great deal of discomfort due to cold or exposure.

Assignment of firefighting personnel would be a major considera-

tion in a long firefight of this type. The initial fight would be "all
out" with all firefighters and equipment committed for the first 12

hours. After that two Captains and 24 firefighters would be assigned

each engine and truck company to be rotated on a 4 hour on -
4 hour off schedule. This would give us one Captain and twelve

firefighters on each piece of equipment at all times with an effective

crewy. Within forty-eight to sixty hours from the weapon blast the

fire service should have all major fires under control and be able
to allow some firefighters more rest and the hose, tools, engines,

ladders and trucks could be sLrviced, fixed when necessary, and

we would be in the recovery phase. However, many fire areas would

have to be patrolled to prevent rekindle. Smoke would be a down

wind problem up to 72 hours after the initial blast.

The heavy equipment (fire engines, trucks, etc.) must be kept

in gas and oil and serviced at regular intervals - otherwise it will

break down and be of no value to us. The gasoline tankers and the

lube trucks would go to each engine and truck to provide lubrication,

oil, replace lights and plugs as necessary. The shop mechanics

would be on an on-call basis to all equipment to render automotive
first aid and keep the equipment running. All men with a mechanical

background would be used to keep equipment in operation.
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